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SPECIFICATIONS FOR PIONEER PHA DEAD TIME CORRECTION 

The purpose of PHA dead time c o r r e c t i o n s  i s  to   de r ive  a ' t r u e '  

ra te  of occurrence of PHA events   based  on the  actual   measured ra te  

of o c c u r r e n c e   i n   t h e   d a t a .   C l e a r l y   t h e r e  w i l l  be  some cases (e .g .  

very  low b i t  ra te  per iods   o r   per iods   o f   very   h igh   count ing  rates 

such as d u r i n g   s o l a r   f l a r e s  when nea r ly   eve ry  PHA i s  non-zero) i n  

which  such a c o r r e c t i o n  i s  n o t   p o s s i b l e .  

- m T  

The fo l lowing   no ta t ion  w i l l  be   u sed   fo r   even t   t ypes  and p r i o r i t i e s :  

EVENT TYPE LOGIC CONDITION 

- 0  A, h B C I I I  
- 

1 AZBCII I  

2 
I 

3 

(A2K1 + A I C I ) B C I I I  
- 

AIBKZCIII 
- 

The p r i o r i t y   o r d e r i n g s  w i l l  be   des igna ted  as follows: 

PRIORITY NO. 

2 3 3 3  ORDERING 

3 2 . 1  0 EVENT TYPE 

3 2 1 0  

1 1 2 2  
1 

1 0  0 0 # 2 -  

The r e l a t ionsh ip   be tween   t he   p r io r i ty   no   and   t he   va lue  of t h e  non- 

a" 

s e c t o r e d  subcom  word o c c u r r i n g   i n   t h e   m i d d l e  of p r i o r i t y   s e q u e n c e  i s  $ 

PRIORITY No. SUBCOM WORD (El -30)  
2 

. , ~. .: , 
r4 

3 0 

2 2 
*$ 
d 2 
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In   t he   fo l lowing  i t  w i l l  be  assumed tha t   i n   t he   p rog ram a l l  v a r i a b l e s  

w i l l  b e   s u b s c r i p t e d j l t o   b l t  rate.  This   subscr ip t ,   however ,  w i l l  no t   be  

w r i t t e n  down in   t he   fo l lowing .   Fo r  a l l  v a r i a b l e s   t h a t  are doubly 

CdWdhj 

s u b s c r i p t e d   ( a g a i n   n e g l e c t i n g   t h e   i m p l i e d .   b i t  rate s u b s c r i p t )   t h e   f i r s t  

index w i l l  r epresent   the   event   type   and   the   second w i l l  b e   t h e   p r i o r i t y .  

We d e f i n e   t h e   f o l l o w i n g   q u a n t i t i e s :  
- 

Nij - 
M = t o t a l   n o .  of   readouts   ( including  both  nul l   and  non-nul l  

- no.  of ith event   types   occur r ing   dur ing  j th p r i o r i t y  

j -  

even t s  of a l l  t y p e s )   o c c u r r i n g   i n   j t h   p r i o r i t y  

Rij 1 measured   ra te   o f   occur rence  of ith event   type   dur ing  j 
' -  t h  

p r i o r i t y  

- 
T - readout  time f o r  PHA e v e n t s   ( n o t e   t h a t   t h i s  w i l l  v a r y   i n v e r s e l y  

I !  

as t h e   b i t   r a t e )  

Then the  measured rate o f   occu r rence   i n  t h e   d a t a  of PHA event   types  i s :  
. %  

J 

We d e f i n e   t h e   q u a n t i t y  aijk as fo l lows:  

For i # j " i jk  = 1 i f  k > i o r   i f  k = j 
= 0 o therwise  

For i = j " i j k  = l i f k = 5  
= 0 o therwise  

AS we have  def ined i t ,&  = 1 f o r  a l l  event   types  k whose p r i o r i t y  

i s  h igher   than   the  ith event   type  when t h e  jth p r i o r i t y   o r d e r i n g  i s  i n  

i j k  

?, 
e f f e c t .  Some examples  of  the  use  of a are as fol lows" i j k  

3 

k= 0 
C "03k RL3 = R;3 + R' 2 3  i- R;3 

J f 
3 
C a R' = R i 2  + R'  
k=O 12k  k2 32 

J 
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Using   t he   p rev ious ly   de f ined   no ta t ion   t he   t rue   r a t e  of 

occurrence  of  PHA even t s  Rij i s  given  by:.  

In t h e  PHA summary p l o t  p rog ram  fo r   each   b i t  rate p r e s e n t   d u r i n g  

t h e  summary i n t e r v a l   t h e r e   s h a l l   b e   d i s p l a y e d   t h r e e  4x4 matrices. 

These sha l l  b e   r e s p e c t i v e l y   t h e  N , R’ , and Rij a r r ays .   Fo r  a 

p a r t i c u l a r   b i t  rate t h e   d i s p l a y   s h a l l  look as fo l lows:  

i j  ij 

(a> (b) 
NUMBER” OF EVENTS UNCORRECTED 

PHA RATES 

( 4  
CORRECTED 
PHA RATES 

i s  Llthen R i s  n o t   d e f i n e d .   N o t e   t h a t   i f  
i j  

t h e   q u a n t i t y  X is i n f i n i t e .  The program s h a l l   c h e c k   t o  see i f  Siz = 1. 

I f   t h e   e q u a l i t y   h o l d s   t h e n  R s h a l l  be  set e q u a l   t o  -1. The q u a n t i t y  

X sha l l  then be  checked  to  see i f  i t s  value  exceeds 0.75. I f   t h i s  is 

i j  1 J  

i j  

ij I 

t r u e   t h e n  R s h a l l   a l s o   b e  set e q u a l   t o  -1. 
i j  

The va lues   o f  M. f o r  j = 0 ,3  s h a l l   b e   d i s p l a y e d   f o r   e a c h   b i t  rate 
3 



. J "  

and s h a l l  b e  l a b e l l e d  "TOTAL READOUTS". 

The e r r o r   i n   e a c h  of the  dead time 

r - 
- I  
Ki e 

? f . ~ ( l - S ' . . ~ ) [ l - ( R i ~  + S:  ) T I  
'J 1 J  1 j  

3 
where S! = C a R '  

lj k=O i j k  kj 

c o r r e c t e d  rates i s  given  by:  

The average rate ( o v e r   p r i o r i t i e s )   f o r   t h e  ith event   type  i s  given  by: 

- 3  
R. . / (ARij 1 2 

Ri = f=, 13 -where  where  those j v a l u e s  
3 for   which  R = -1 are excluded 
C ( l / d  .) from  the sum. 

i j  

j =O 1 J  

The e r r o r  iE  the   average  rate is given  by 

9 
I n   a d d i t i o n   t o   t h e   a r r a y s   f o r   e a c h   o f   t h e   b i t   r a t e s n s u m m a r y   o v e r  a l l  

b i t  rates i n   t h e   f o r m a t  shown i n   F i g .  1 s h a l l   a l s o   b e   d i s p l a y e d .   F o r   t h e  
a 

a r r a y   i n   F i g .   l [ & s i m p l e  sum w i l l  be   d i sp layed   over  a l l  b i t  rates p r e s e n t  

du r ing   t he  summary i n t e r v a l .   F o r   F i g .  Ifb) a n   a v e r a g e   o v e r   b i t  rate (denoted 

1 

C M  
b r  j 

where C denotes  summation  over a l l  b i t  rates. 

For  Fig.  l(c) the   average  w i l l  be   t aken  as fol lows:  

b r  



-5- 

where  again  those b i t  rates for   which a p a r t i c u l a r  R = -1 a r e  elimi- 

na ted  from t h e  sum f o r   t h a t   p a r t i c u l a r  i, j va lue .  

i j  

LET- I 

Exact ly   the  same procedures   and   ca l cu la t ions   sha l l   be  done f o r  

LET-I as have  been  done  for HET. The on ly   d i f f e rence  i s  t h a t   t h e r e  

are only two e v e n t   t y p e s   a n d   p r i o r i t i e s   r a t h e r   t h a n   f o u r  as i n   t h e  

case of t h e  HET. The p r i o r i t y   o r d e r i n g s   a r e  as fo l lows:  

PRIORITY 
NO. . 

~-- 

EVENT 
TYPE 

ORDERING 

The r e l a t i o n s h i p   b e t w e e n   p r i o r i t y   n o .  and the   non- sec to red   r a t e  

I D  i n  El-30 i s  as f o l l o w s :  
$ 

., PRIORITY No. El-30 

1 
0 

" . 

I 
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I 
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* .  Instrumentation 

.. 

This  experiment  consists  of  a  set  of  three  solid-state  telescopes,  each 

designed, to  complement  the  others  and  to  cover  a  broad  range  in  energy, 

intensity  and  charge  spectra.  The  three  telescopes  are  shown  schematically  in 

the  attached  figure;  they  are  the  high-energy  telescope  (HET)  and  two low- 

energy  telescopes  (LET-I  and  LET-11).  The  HET  and  LET-I  are  designed 

primarily  for  measuring  the  relatively low fluxes  of  cosmic  rays  in 

interplanetary  space. As such,  their  geometry  factors  are  relatively  large, 

and  they  cannot  tolerate  fluxes > 2 x 104/cm2 s sr.  Their  usefulness  is, 

therefore,  limited  to  th2  outer  regions of the  Jovian  magnetosphere (2 20 

R ~ ) .  They  are,  however,  high-resolution  double  dE/dX VS. E instruments  that 

provide  unambiguous  particle  identification  and  precise  energy  spectra, so 

that  their  contribution to the  overall  body of' data  is  quite  significant. 

- 
- 

The  LET-I1  telescope  was  designed to measure  low-energy  solar  flare 

particles  in  interplanetary  space  and  trapped  particles  in  the  Jovian 

magnetosphere. It has  a  relatively  small  geometry  factor (1.5 x 10-2 cm2  sr) 

and  can  readily  measure  fluxes  up to - 5 x 105/cm2 s sr. It is  surrounded  by 

.L 

a  colimator  and  shield  which  will  stop  electrons  up  to - 4.5 MeV  and  protons 

up  to - 40 MeV.  The  telescope  employs  a  two-parameter  analysis  technique  to 
separate  electrons  and  protons.  The  front  element SI has  an  electronic 

threshold  that  is  set so that  any  electron  penetrating  to SI1 is below 

threshold  and  any  proton  penetrating to SI1 is  above  threshold.  Selected 

counting  rates  in  all  three  telescopes  are  divided  into  eight  angular  sectors 

to  measure  particle  anisotropies. 



of all 

onset  of 
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-L- corrections  are  necessary p r i o r  to  this  saturation  point. 

.. There  is  -significant  overlap  in  the  response  functions  of  the  three 

telecopes,  and  it  was of great  value  to  observe  the  consistency  between  flux 

measurements  made  with  completely  different  detector  systems.  For  example, 

the  LET-I  and  LET-I1  proton  data  in  the 0.5- to 2-MeV  region  are  in  excellent 

agreement.  This  finding  is  especially  helpful  in  the  outer  Jovian 

magnetosphere  where  the  nuclear  component  is  small (1-10%) in  comparison  with 

electrons  of  the  same  energy. A complete  description  of  this  instrument  has 

been  published  in  the  IEEE  Transactions  on  Nuclear  Science  (Stilwell  et  al., 

1975). The  energy-  and  charge  ranges  of  each  telescope  are  summarized  in  Table 

Since  the  Goddard/University  of  New  Hampshire  experiment  was  primarily 

designed  as  an  interplanetary  experiment,  its  telemetry  assignment  was  minimal 

during  the  Jupiter  and  Saturn  encounters.  Consequently,  individual  pulse 

heights  were  sampled  infrequently,  and  most  of  the  results  have to be  based  on 

rate  data.  This  leaves  some  ambiguity  about  the  type of particles  responsible 

for  the  counts.  This  problem  arises  primarily  in  identifying  protons VS. 

alpha  particles and heavier  ions.  LET-I  and  LET-I1  respond  differently 

because  of  the  aluminized  mylar  foil  in  front  of  the  LET-I  detector. On this 

basis,  it  has  been  concluded  (McDonald  et  al,, 1979) that  the  nominal  "proton 

channels"  respond  primarily to protons  at  Jupiter;  however,  some  admixture of 

heavier  ions  is  clearly  present  and  the  amount  is  time  dependent. It is  hoped 

that  further  analysis  can  narrow  down  the  uncertainty. 



of-the' particles  .responsible  for  our  counts.  Some  of  the  published  results 

from  this  experiment  required  extensive  corrections  for  deadtime,  accidental 
. .  

coincidences  and  anticoincidences  (Trainor  et  al., 1974; McDonald  and  Trainor, 

1976; McDonald  et  al., 1980). These  corrections  can  be  applied  only  on  a 

case-by-case  basis  after  careful  study  of  the  environment  and  many  self- 

consistency  checks.  They  cannot  be  applied  on  a  systematic  basis  and  we  have 

no  computer  programs  to  do so. A special  problem  arose  during  the  Pioneer 10 

out  pass  from  Jupiter.  Radiation  damage to the  digital  logics  decreased  the 

margins  in  these  circuits.  Although  most of the  data  is  good,  certain  bits 

failed to reset  every  now  and  then.  For 15minute averages,  this  effect  can 

generally  be  ignored;  but  the  user  should  be  aware  that  a  few  points  are  off 

due to this  problem. If a  user  is  interested  in  data  not  included  in  this 

submission  or  has  special  questions,  the  experimenters  will  be  glad to 

consider  requests  if  the  desired  information  can  be  extracted  from  the  data. 

DescriDtion  of  the  Data 

In  the  following  rate  definitions,  individual  detectors  are  identified  by 

the  same  symbols  as  in  the  attched  figure.  Any  subscripts  refer to different 

trigger  thresholds  on  that  deector (SIIA is  an  annular  guard  detector  in  LET- 

I1 which  is  not  labeled  in  the  figure).  Several  detectors  defining  a  rate  are 

in  coincidence  unless  a  bar  over  the  symbol  indicates  that  the  detector  is  in 

anticoincidence. 



_. 

the 

_ _  c .  

4 '. 

counting rate in  a 2.5- thick si 

detector  wi-th an area  of 3.0 cm2.  Since  the  threshold  is  set  at  2.01 

MeV.,  it  res-ponds  primarily  to  .energetic  electrons;  however,  the 

effective  solid  angle  and  detection  efficiency  are  not  well  known.  This 

rate  is  given  for  Saturn  because  the  more  desirable  coincidence  rates 

suffered  from  excessive  accidentals  (note A2 is  identified  as  on 

tape) . 
- -  

L$, 5 B CI Rate  (Jupiter  only)  gives  the  flux  of  electrons  with  a  range 
between 2.5 and 5.0 mm of Si which  deposit  less  than 2 MeV  in  the  front 

detector.  The  electron  energy  falls  into  the  range  of  about 1.8 to 3 .2  

MeV  (on  the  tape  this  rate  is  identified  as A1.-A2.Bo-C1). 

A A B CI  CII Rate  (Jupiter  only)  gives  the  electron f l u x  with  a  range 

of 5 to 10 mm Si;  the  approximate  energy  range of 3.2 to 5.1 MeV  (the 

rate ID is 

. .  

- - 
-1 2 - 

Al.-A2.B.Cl.-C2). 

I 

A1 A2 
- 

B CI CII  CIII Rate  (Jupiter  only)  gives  the  electron  flux  with  a 

range of 10 to 15 mm Si;  the  approximate  electron  energies  are 5.1 to 8 

MeV  (the  rate ID is Al.-A2.BOC1.C2.-C3). 
- -- 
SI SI1 SIIA  SI11 Rate  gives  the  flux of electrons  in LET-I1 which  do 

not  trigger  the 0.145 MeV threshold  in  the 50 y front  detector  and 

trigger  the 50 keV  threshold  in  the 2.5m thick  second  detector.  The 

anticoincidence  requirement  with  the  annular  guard  counter SIIA and  rear 

detector SI11 insures  that  the  electrons  stop  in SII. Our  calibrations 

show  that  the  50%  efficiency  points  occur  at 0.16 and 2.0 MeV. If the 

electron  spectrum  is  hard,  this  rate  wi.11  also  respond  to  bremsstrahlung 

and  electrons  penetrating  the  collimator.  The  latter  effect  made  the 

5 



dominant  contribution  in  the  inner  Saturnian  magnetosphere;  otherwise, 

it  -is  believed to--be small  but  is  difficult  to  evaluate  (the  rate I D  is 

-Sl.S2(5).-S2(A).-S3). 

- -- 
SI S I ~ ~  S I IA   S I11  Rate is equivalent  to  rate (5) but  with  a  0.35-MeV 

threshold in S I I ,  corresponding  to  electron  energies  from 0.43 to 2.0 

MeV  (the  rate I D  is -Sl.S2(6).-S2(A).-S3). 

. . . .  . 

- -- 
S I  SI17 SIIA  SI11  Rate  is  equivalent  to  rate (5) but  with a 0.7 MeV 

threshold  in S I 1  corresponding  to  electron  energies  from 0.8 to 2.0 MeV 

(the  rate I D  is -Sl.S2(7>.-S2(A).-S3). 

- -- 
S I  SI18  SIIA  SI11 Rate  is  equivalent  to  rate ( 5 )  but  with  a  1.0-MeV 

threshold  in S I 1  corresponding  to  electron  energies  from 1.1 to 2.0 MeV 

(the  rate ID-is -Sl.S2(8>.-S2(A).-S3). 

D I  Rate  gives  the  flux  of  protons  and  ions  which  penetrate  a 0.53- 

mg/cm2  aluminized  mylar  foil  and  deposits  at  least 0.60 (P-10) or  0.63 

(P-11) MeV  in  detector D I  of LET-I. (This  rate  is  not  given  for  the 

Saturn  encounter  because  of  substantial  electron  contamination.)  For 

protons,  this  corresponds to energies  from 0.84 to 15.1 MeV. 

D I '  Rate is eqivalent to rate (9), but  with  a  threshold  in D I  of 0.95 

MeV  corresponding to proton  energies  between 1.11 and 8.1 MeV. 

4 

5 

D I  Rate  is  equivalent to rate (9), but  with a  threshold  in D I  of 1.45 

MeV  corresponding to proton  energies  from 1.6 to 5.1 MeV. 
6 

D I  Rate  is  equivalent  to  rate (9), but  with a  threshold  energy  in D I  of 

2.20 (P-10) or 2.05 (P-11) MeV  corresponding to proton  energies  from 2.3 

to 3.6 MeV  and 2.1 to  3.8 MeV,  respectively,  for P-10 and P-11. 

7 

- 
D I  D I I  E F Rate  from LET-I gives  the  proton  flux  between  10.3  and 21 

MeV  for P-10 and  between 11 and 21 MeV for P-11. A small  correction  has 

- 
2 



been  made  for  the  contribution  from  alphas  and  heavier  nuclei  in  the 

same  energy/nucleus  range  (the  rate ID . .  

is Dl.D2.E2.-F - D1.DZ.I  D.E4.-F). 
--- 

(14) SIl-SII-SIIA-SIII Rate  gives  the  flux of protons  and  heavier  ions  which 
- .  

stop  in  the  50y-thick  Si  detector SI and  deposits  an  energy  between 0.16 

and 2.6 MeV.  This  corresponds  to  proton  energies  between 0.20 and 2.15 

MeV  (P-10) or 2.17 MeV  (P-11).  Detector SI is  shielded  by  only 0.12 

mg/cm2  of Al and is, therefore,  relatively  sensitive  to  low-energy 

ions. At Saturn,  the  ion  contribution  is  negligible;  however,  it  may  be 

significant  at  Jupiter  (the  rate ID is 

(15)  SI6  SI1  SIIA  SI11 Rate  is  equivalent t o  rate (14) .except  that  the 
--- 

threshold  in SI is 0.47 (P-10)  or  0.5 (P-11) MeV,  this  corresponds to 

proton  energies  of 0.50 to 2.15 and 0.53-2.17 MeV for P-10 and P-11, 

respectively  (the  rate ID is 

--- 
(16) SI2 SI1  SIIA  SI11 Rate  is  equivalent  to  rate (14) except  that  the 

threshold  is 0.74 (P-10)  an 0.72  (P-ll), this  corresponds to proton 

energies of 0.76-2.15 MeV  (P-10)  and 0.74-2.17 MeV (P-11) (the  rate ID 

(17) SI, SI1  SIIA  SI11 Rate  is  equivalent to rate (14) except  that  the 
--- 

threshold  is 1.2 MeV,  corresponding  to  proton  energies of 1.24 to 2.15 

MeV (1.24-2.17,  P-11) (the  rate ID is 

(18) SI SIIl SIIA SI11 Rate  gives  the flux of  protons  between 3.13 and 14.8 
-- 

MeV  for  Pioneer 10 (3.19-14.9 MeV,  P-11)  (the  rate ID 



- 1 ~  . .. . 

7 

.. 

(19) SI SI12 SIIA SI11 Rate  is  equivalent  to  rate (18) except  for  a  higher 
-7 

threshold and  covers  protons  from 5.65 to 14.8 MeV for  P-10 (5 .68  to 

14.9  MeV  for P-11) (The  rate ID is 

Data  Format ,- 

Time  history  of  Pioneer  Cosmic  Ray  Telescope  data  described  above i s  

being  submitted  on  9-track  tapes  recorded  at  1600 B P I .  Tape  marked  PIOJUF 

contains  Pioneer-10  data,  the  one  marked  PIOJUG  contains  Pioneer-11  data  for 

Jupiter  encounter  and  tape  marked  PIOSAG  contains  Pioneer-11  data  for  the 

Saturn  encounter.  Averaging  interval  for  all  data  is  fifteen  minutes. 

PIOJUF and  PIOJUG  each  have  five  files  and  PIOSAG has four  files. 

Contents  of  PIOJUF,  PLOJUG  and  PIOSAG  are  described in Tables  2 to 4 ,  

respectively.  Each  file  consists of a  number  of Flux  Time  History (FTH) 

records. An FTH  record  contains  a  count of the  number of data  items (NBIN)  

whose  time-history is included  in  the  record,  a  count. of the  number of 

averaging  intervals (NINT)  included  in  the  record  and  definitions  of  data 

items  included  and  time-history  data.  Table 5 defines  the  structure  of  an FTH 

record  in  detail.  These  tapes  were  generated on an IBM System 360 computer; 

thus,  a  word  consists of 32  bits,  half-word 1 is  the  high  order  16-bit  field 

of  the  word  and  half-word 2 the  low  order  half  (bits 16-31, with  the  left-most 

or MSB numbered 0). Characters  are  represented  in  8-bit EBCDIC bytes,  real 

numbers  are  represented  in  the IRM single  precision  floating  point  format. 

Length  (in  words)  of  an  FTH  record is given  by: 

200 + (3 + 2 * NBIN)  * NINT. 
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Table 2. Contents of PIOJUF 

FILE  RATES  TIME  PERIOD 

1 A 1 q B E  11/26/73  00:00:00-12/01/73 18:OO:OO 
AND 

A & B  CICII 12/04/73  22:00:00-12/16/73 0O:OO:OO 

A1 5 B CI CII  CIII 
2 

3 

4 

- 
SI  SI15  SIIA  SI11 

SI  SI16  SIIA  SI11 

-- 
11/26/73  0O:OO:OO-12/03/73  08:OO:OO 

AND 
12/04/73  15:00:00-12/16/73 0O:OO:OO 

- -- 
- 
SI SI17  SIIA  SI11 

SI  SI18  SIIA  SI11 

-- 
- -- 

D14 
DIj 

"6 

D1 7 
DI DII E2 F 

SI1  SI1  SIIA  SI11 
--- 
--- 

SI6  SI1  SIIA  SI11 
- .- - 

SI2  SI1  SIIA  SI11 

12/26/73  0O:OO:OO-12/03/73 08:OO:OO 
AND 

12/04/73  22:00:00-12/16/73 0O:OO:OO 

11/26/73  00:00:00-12/03/73 08:OO:OO 
AND 

12/04/73  15:00:00-12/16/73 0O:OO:OO 

5 SI3  SI1  SIIA  SI11 
--- 

11/26/73  0O:OO:OO-12/03/73 08:OO:OO 
AND -- 

SI  SIIl SIIA SI11  12/04/73  15:OO:OO-12/16/73 0O:OO:OO 

SI SI12 SIIA SI11 
-- - 



T a b l e  3.  Contents of PIOJUG 

FILE RATES TIME PERIOD 

1 A I T B E  11/26/74  0O:OO:OO-12/02/74  16:OO:OO 
AND 

A1 5 B CI  12/04/74  22:OO:OO-12/10/74 0O:OO:OO 

A1 5 B CI CII  CIII 
2 

3 

- 
SI  SI15  SIIA  SI11 

SI  SI16  SIIA  SI11  12/03/74  09:OO:OO-12/10/74 0O:OO:OO 

SI SI17 SIIA sIIr 
SI  SIIS  SIIA  SI11 

-- 
11/26/74  0O:OO:OO-12/02/74  18:OO:OO 

AND - -- 
- 
- -- 

D14 

D15 

D16 

DI  DII E2 F 

SI1  SI1  SIIA  SI11 

SI6  SI1  SIIA  SI11 

--- 
- - -- 

. SI2 SII SIIA SIII 

SI3  SI1  SIIA,  SI11 
- - .- 

SI  SIIl  SIIA  SI11 

SI  SI12 S I I A  SI11 

-- 
-- 

11/26/74  00:00~00-12/02/74  16:OO:OO 
AND 

12/03/74  08:OO:OO-12/10/74 0O:OO:OO 

11/26/74  00:00:00-12/02/74  18:OO:OO 
AND 

12/03/74  08:00:00-12/10/74 0O:OO:OO 

11/26/74  0O:OO:OO-12/02/74  18:OO:OO 
AND 

12/03/74  08:OO:OO-12/10/74 0O:OO:OO 



Table 4. Contents of PIOSAG 
, . . '  - . I  ' 

, " 

FILE 

. .  t .  

. .  1 

2 

3 

4 

RATES. 

A2 

S I   S I 1 5   S I I A   S I 1 1  

S I  S I16   S I IA   S I11  

S I  SI17 S I I A   S I 1 1  

SI SI18  SI IA  SI11  

- -- 
- -- 
- -- 

D15 

D16 

D17 
DI D I I  E2 i?' 

SI1 S I 1  SIIA S I 1 1  
--- 

SI6  SI1 S I I A  S I 1 1  

SI2 S I 1  SIIA S I 1 1  

--- 

- -- - 

SI3 SII SIIA SIII 
S I   S I I l   S I I A   S I 1 1  

S I   S I 1 2   S I I A   S I 1 1  

-- 
-- 

TIME PERIOD 

8/31/79  0O:OO:OO-9/01/79  13:30:00 
AND 

9/01/70  19:00:00-9/04/79 12:OO:OO 

8/31/79  0O:OO:OO-9/01/79  13:30:00 
AND 

9/01/70  19:OO:OO-9/04/79 12:OO:OO 

8/31/79  0O:OO:OO-9/01/79  13:30:00 
AND 

9/01/79  19:OO:OO-9/04/79  12:OO:OO 

8/31/79  00:00:00-9/Q1/79  13:30:00 
AND 

9/01/79  19:00:00-9/04/79 12:OO:OO 



Table 5.  STRUCTURE OF FLUX TIME-HISTORY RECORD 

WORD HALFWORD TYPE DESCRIPTION 
,.. .._ 

__./, -- ~ . -. . 
".-- 

'/ 1 t' .a /' '\\, Number  of  data  items  contained  in 
>,/ 

' Integer, '"\! the  record  (NBIN). 

Integer '3, Number  of  averaging  intervals  (NINT) 
! .\.,-&. %\ 

, . ---. -,-J ii contained  in  the  record. 
\ 

3-35  character i 132-character  title  identifies 
-. . satellite  and  gives  the  start  time 

of  first  averaging  interval  and  last 
averaging  interval  in  the  record. 

36-68 character  132-character  descripticn  of  first 
data  item. 

69-101 character  132-character  description  of  second 
data  item, if-NBIN > 2. Otherwise, 
not  used. 

- 

102-134 

135-167 

168-200 

2 01- 

201-233 

234- 

character  132-character  description  of  third 
data  item,  if  NBIN > 3.  Otherwise, 
not  used. 

- 
character  132-character  description  of  fourth 

data  item,  if  NBIN - > 4 .  Otherwise, 
not  used. 

character  132-character  description  of  fifth 
data  item,  if  NBIN - > 5. Otherwise, 
not  used. 

NBIN < 5 - 
NINT  Averaging  Interval  Entries 
(AIE).  The  structure of an AIE  is 
shown  in  Table 5. 

NBIN = 6 

character  132-character  description  of  sixth 
data  item. 

NINT  Averaging  Interval  Entries. 



T a b l e  6. STRUCTURE OF AVERAGING INTERVAL ENTRY 

WORD 

1 

2 

3 

4- 
(3+2*NBIN) 

HALFWORD TYPE DESCRIPTION 

1 I n t e g e r  2 -d ig i t   yea r  
2 I n t e g e r  month  of y e a r  

1 I n t e g e r  day  of  month S t a r t  time 
2 I n t e g e r  hour  of  day of averaging  

1 I n t e g e r  minute of hour 
2 I n t e g e r  second of minute  

i n t e r v a l  

Real NBIN FLUX e n t r i e s .  Each FLUX e n t r y  
i s  two words  long.  If   the  second 
word of t h e   e n t r y  i s  -1 .O, d a t a   f o r  
t h i s  item i s  n o t   a v a i l a b l e ;  
o t h e r w i s e   t h e   f i r s t  word i s  t h e  
va lue  of f l u x  and the  second word 
c o n t a i n s   t h e   a s s o c i a t e d  s ta t i s t ica l  
e r r o r .  
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J 
The GSFC expe r imen t   on   t he   P ionee r   spacec ra f t   cons i s t s  of t h e  “Cosmic 

Ray Telescopes”  and t h e i r   a s s o c i a t e d   e l e c t r o n i c s .  

I.. High  Energy  Telescope (HET) 
2 .  Low Energy  Telescope 1 ( E T - 1 )  
3 ,  Low Energy Telescope 2 (LET-2) 

The da ta  der ived   f rom  these   t e lescopes  are  of two b a s i c  forms-: 

1. Pulse   Height   Analysis  (PHA) 
2 .  Events   per   second ( ra tes )  

The s o l i d   s t a t e   d e t e c t o r s   c o m p r i s i n g   e a c h   o f   t h e   t h r e e   t e l e s c o p e s  are shown 
i n  t a b l e  1. 

HET LET- 1 LET-:! 
A D I  S I  
B DII S I 1  

C I  E S I I a  
CII F S I11  

- - -  

CIII 

Table  81 S o l i d   S t a t e   D e t e c t o r s  Names 

The c h a r g e   l i b e r a t e d ,   i n   t h e   d e t e c t o r ,  by t h e   p a s s a h  of p a r t i c l e  i s  
summcd i n  a charge sensa t ive   p reampl i f ie r   which   produces   an   ou tput   vo l tage  
p u l s p  whnse he igh t  is l i n e a r l y   r e l a t e d ,   t o   t h e   i n c i d e n t   p a r t i c l e   e n e r g y   l o s s  
i n  rhc d c t c c L o r .  

Tilt 011tp1.1k o f  t h e   p r e a m p l i f i e r  i s  then  passed  through a pos t  amp where 
it: it: r.i.vnn t - h e  optimum r e a l i z a b l e   s h a p e   f o r   d i s c r i m i n a t i o n  and a n a l y s i s   w h i l e  
p rc sc rv i f lg  t he  ampl i tude-energy   re la t ionship .  

t r o n i c s  c a r d  where they  are d i f f e r e n t i a l l y   b u f f e r e d   a n d a p p l i e d   t o  a h o s t  tif 
a m p l i t . u r l c .  d i s e r i n i n a t o r s ~ ~  The  nominal   detect ion  threshold f o r  each o f  t h e  
dI.sr;t”in?inat:ors is shown in Table  2 .  

The pnl.sc:s ou t   o f  t&  a m p l i f i e r   a r e   f e d  t o  t h e i r   a s s o c i a t e d   l i n e a r   e l e c -  

. .  

I E T  
--,----- 

U T -  1 LET-2 
1 ) i n c r  im.  

.-----.-.*I* ” ~ - -  

”A 1 0.2 D I  .2 S I  .15 

E 
CT. 
CLT. 

2 .o 

0.2 
1.0 
I. . 0 

* e 94 
* 1.4 
* 2 .o 1 .o 

? .05 
e .5 

D I ~  3 .o I8 1.5 
D I Z  .2 S I 1  .06 
ED 54. 

! 

CTT.1 0.2 E l  2 .o S I I ~  1.0 
+I< 3. 1.3 .6::T: 3 6 E2 9.0 S I Ia  .2 



a 

Tabfe 2 (cont . )  

LET - 1 LE -2 

e4 40.0 
F .2 

It can  b e   s e e n   t h a t  A l ,  A2, E l  .... E4 a r e   s e p a r a t e  and  simultaneous 
d i s c r i m i n a t i o n s   w h i l e  D I 1  ... DI8, S I  1....S18,  and S I 1  1...S18 are programmable 
d iscr imina tors .   These   p rogrammable   d i scr imina tors   a re   s laved   e i ther   to   the  
telenctry frame r a t e   o r  t o  t h e   s p a c e c r a f t   r o l l  ra te .  

s i b l e ,  and t~ d i s t i n g u i s h   b e t w e e n   t h e   v a r i o u s   s p e c i e s   t h e r e i n ,   t h e   e x p e r i -  
ment has b u i l t   i n   a n   e l a b o r a t e  scheme t o   s h a r e  i t ' s  32 a v a i l a b l e  ra te  count ing  
channc1.s  and s i x  PHA channels .   This  i s  done  by  imposing  coincidencelanti-  
coi-ncidence  requirements  upon t h e   p u l s e s   a p p e a r i n g   i n   a n y   t e l e s c o p e .   T h e s e  
requirements are now d i s c u s s e d   o n   a n   i n d i v i d u a l   t e l e s c o p e   b a s i s .  

I n  o rde r  t o  examine as l a r g e a   p o r t i o n  of t h e  Cosmic Ray Spectrum as pos- 

HET SYSTEM 

BHA Data 
p- 

T h e r e  a re   fou r   s epa ra t e   co inc idence   cond i t ions   wh ich  w i l l  i n i t i a t e  a 



A '  0.2 MeV/Channe! 
** 0.2 MeV/Channel 

C I  EL C T I  I. 0 MeV/Channe 1 
CIII 0.2 MeV/Channe 1 

In order to enhance  the  number  of  rare  particles  analyzed,  a  priority 
system is b u i l t  into  the HET system. The priority  assigned t o  the f o u r  event 
t y p c s  i s  a i:uncti.on of the  telemetry  frame and is changed  every 64 frames as 
shown i n  T a b l e  1.11. 

- 1  
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To 1lni.qucly  "tag" a PHA event  i t  i s  nect?ssary t o  readout  t h e  '"Seq. I .D . "  
and  "llsto1-nal L . D .  b i t s "  shown i n   t a b l e  1H.  " I n t e r n a l  I D  bits" i s  n o t  read 
o u t  but th is  does  not   produce  an  ambiqui ty .   Referr ing t o  t a b l e  1 H  for   S l=S2=0;  
If L 1 = 1  and 12'0 ( lowes t   P r io r i ty )   t he   even t  i s  t h e   l a s t  A2BCIII event  en- 
countered ( n o t e  t h a t   t h e   s y s t e m  w i l l  cont inue  t o  accept  new A 2 B C I I I  e v e n t s  
w i t l l o l l t :  ----- s h a n g i n g  I D  b i t s ) .   I f  I1=0, I&=l t h e  event  i s  t h o  l a s t  (A1RKzCI) 
BCIII event   encountered.  I_ If 11=T2=1,   (h ighes t   p r ior i ty)   the  PHA's c o n t a i n  
t h e  f i r s t  A l E K 2 C I I I  event   encountered.   Table  1 H  may b e  read i n  similar 
f a s h i o n   f o r   t h e   o t h e r   t h r e e   c o m b i n a t i o n   o f  S 1  and S2 where', i t  i s  s e e n ,  
t h e   p r i o r i t i e s  are reorder   for   each   combina t ion .  

e l .ectronic   produces a 1 b i t  o f   the  CII t h r e s h o l d  has been  exceeded  which i s  
a l s o  read,,. o u t   i n   t h e   a s s o c i a t e d   t a g  word. 

o f   t he   i ncoming   pa r t i c l e  i s  a l so   necessary .   Therefore ,   for   each  PHA event   an 
i n d i c a t i o n  of  t h e   o r i e n t a t i o n  o f  t h e   s p a c e c r a f t   ( o n e   o f   e i g h t   p o s s i b l e   s e c t o r s  
i s  a l s o  p l a c e d   i n   t h e   t a g  word of PHA event .  

As a f u r t h e r  ai-d i n   d e t e r m i n i n g  the  s p e c i e s  o f  p a r t i c l e   a n a l y z e d   t h e  WET 

To meet t h e   s c i e n t i f i c   o b j e c t i v e  o f  t h e  CRT some i n d i c a t i o n  of  t h e   d i r e c t i o n  

Rate  Data 

The I-IET system h a s   a s s i g n e d   t o  i t ,  9 accumulators (R  -Rg) excu l s ive ly   and  
s h a r e s  8 accumulators  (5R1) on a f i f t y - f i f t y   b a s i s   w i t h  t A e LET-1 system.  (See 
Table  2 H .  



5 ..* 

I 

T a b l e  2FI - HET Rates 



Rcfer r j .ng  t o   T a b l e  2H i t  i s  s e e n   t h a t :  on1.y r a t e  1 i s  not  commutated, 
r a t e  9 i s  cornmuta ted   be tween  four   ra te   equa t ions   by   the   b i t   l abe led  A / B ,  
and S R 1  i s  commutated  between  two r a t e   e q u a t i o n s  by t h e   b i t s  SS1 and S S 2 ,  A l l  
o t h e r   r a t e s  are toggled  equal ly   between  the two r a t e   e q u a t i o n s  shown i n   T a b l e  
2M by b i t  A / B  e x c e p t   r a t e  SR1 which i s  c o n t r o l l e d  by b i t s  S S 1  and SS2.  

Bi t s  A h s  S I ,  and S 2  are  der ived  i n  t h e  cspcuimcnt data system and t h e i r  
p e r i o d s   a r e   b i t   r a t e  and  format  dependent i .e .  A/B changes  every 32 S/C frames 
i n  format A ,  every  6 4  f rames  in   format  B and A / D ,  and  every 128 SIC frame i n  
format BID. S 1  changes  every  other  A / B  and 5 2  every   o ther   SI .   (S tandard  
b i n a r y   r i p p l e   t h r o u g h   c o u n t e r )  

B i t s  SSI. ,  S § 2  and SS3 a l s o  come from t h e  d a t a  system bu t   i n   no rma l  
o p e r a t i o n  a r c  simultaneous1.y b i t   r a t e  , format ~ and S I C  s p i n  r a t e  dependent .  

S e e  d a t a   s y s t e m   s e c t i o n   € o r   o p e r a t i o n  o f  Sec to r   Synchron ize r .   Fo r   t he  
p r e s e n t  o n l y  no te   t ha t   i n   no rma l   ope ra t ion   t he   SS1 ,  552,  and SS3 b i t s  may only  
c h a n g e   a f t e r   a n   i n t e g r a l  number of  S I C  r e v o l u t i o n s  e Again  SS1, SS2 , and SS3 
a r e   g e n e r a t e d  i n  a b i n a r y   r i p p l e   c o u n t e r .  

U T - 1  SYSTEM 

There   a r e  two separa te   co inc idence   condi t ions   which  will i n i t i a t e  a 
p u l s e   h e i g h t   a n a l y s i s .  They are: 

., 1) D I  DII 7 - ~ 

' . 2 )  DI  DII CD F 

r 

In LET-1 t h e r e   a r e   f o u r   d e t e c t o r s .   S i n c e   o n l y   t h r e e   c h a n n e l s   ( a g a i n  A ,  
B ,  ?.qd C )  a r e   a v a i l a b l e   t h e y  are  a s s i g n e d   t o   d e t e c t o r s  DI, DLI, and E respec-  
t i v 5 i y .   S i n c e   t h e  ab6PeCPHA e q u a t i o n s   r e q u i r e   d e t e c t o r  F to   have   no   pu l se  
not!l in,q i s  1-ost .  The " U T - 1  PHA's, l i k e   t h e  HET PM's are t h e   l i n e a r ,   c a p a c -  
i t i v c  descharge type  u.sing t h e   f a t e d   d e l a y   l i n e   o s c i l l a t o r   t o   p r o d u c e  66 KHz 
chani:ic!'l <?.r?drrs,cj  advance  pulses .  The channe l  number i s  r e l a t e d  t o  i n c i d e n t  
p g . r g % c l c  cucr;:y loss i n   e a c h   d e t e c t o r  as f o l l o w s :  

I f . .  

,a I 

j' , ' ' 1) -[ - 0 1. ~ ~ ~ ~ ~ ~ ~ h ~ n ~ ~  1. 
DIT.  - 0, J. MeV/Channci 
E f 1 a 0 Flr!V;Chrtnnc 1 





Tab le  1L1  shows  tha.t ra te  10 i s  the   accumula t ion   o f   an   i n t eg ra l   ana lyze r  
which i s  conmuta ted   th rough  e ight   l eve ls   by   b i t s  A / B ,  S l  and 32, 11, 1 2 ,  and 
13 a r e  c,ommutated two  ways  between t h e   i n d i c a t e d  r a t e  equat ions  b y  b i t  A / B .  
Rate 14 'has 4 l e v e l s  d communication i n   t h e  LET-1 system  and  another   four  i n  
t h e  LET-2 sys t em  fo r  a t o t a l   o f  8 l e v e l s  of  cornmuta t ion   cont ro l led   by 'b i t s  
A h ,  S 1, and  52.  SRl i s  commutated  through  the l a s t  two, o f   fou r   l eve l s ,   by  
b i t s  S S l ,  and SS2. The other two  carnurator poa l r i ena  a re  ass igned  t o  t h e  HET 
system. 

LET-2 SYSTEM 

There are  no p u l s e   h e i g h t   a n a l y s e s   a s s o c i a t e d   w i t h   t h e  LET-2 t e l e s c o p e .  

Rate Data 

Three. r a t e  accumulators  are  ded ica t ed  t o  LET-2 data   whi le   one   accumula tor  

Table  1L2 shows t h a t  R14 i s  a s s i g n e d   t o  LET-2 f o r   t h e  l a s t  Eaur  of i t ' s  
i s  s h a r e d   w i t h   t h e  LET-1 system on a f i f t y - f i f t y   b a s i s .  (See  Table  1L2,) 

e i g h t  I.eve1s  of  commutation. The commutation of  R 1 4  i s  c o n t r o l l e d   b y   b i t s  
A / R ,  S I ,  and 52 f rom  the  experiment   data   system. 

11.2, by  b i t s  A / B  and S I ,  

b y  b i t s  S S I ,  SS2,-SS3,  from t h e  da t a   sys t em.  

R15  a n d  R1.6 a r c  commutated through f o u r  l e v e l s  each,  as shown i n  t a b l e  

The sec tored   accumula tor  SR2 i s  swi tched   be tween  e ight   ra te   equa t ions  

SR1 and SR2 ,  - $ n  a d d i t i o n   t o   b e i n g  commuta ted   th rough  the i r   respec t ive  
e n e r g y   l e v e l s ,  are d $ r e c t i o n a l l y   r e s o l v e d   i n t o   e i g h t   e q u a l   s e c t o r s   o f  45'. 
The s e c t o r s  are  geg6pated as t h e   s p a c e c r a f t   s p i n s   w i t h   t h e   f i r s t   b e g i n n i n g  
k t  t h e   t i m e   f o   t h e  :x611 index  pulse .   Each  sector  i s  ass igned  a s e p a r a t e  accum- 
Czlator, 



3 



c r  a t  a forma 

Aa I Ga 
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As shown in   F i -gu re  D 3  below the  experiment  i s  a s s i g n e d   t h r e e  M/F da t a  
w o s d s  Kc, Eg? and Eb. Further,  F i g ,  D 3  shows how t h e  data i s  assigned to 
these wordc:  w i t h i n  t h e  ins t rument  



S i n c c  the CRT experiment now rece ives  on ly  one M/F word and it was Rot 
c~cJsir-cc~ s a c r i f i c e  one type af  data f o r  another  i t  was  necessary  to  readout 
b o k h  trypcc: of data  in  word Ea, This  was  accomplished by alternating the 32 
r a t e  rea”c1out:s w i t h  8 ‘PHA event  readouts I NOTE: 1 PWA event is readout in 
4 wot-cis therefore 8 events take 32 frames. 



Figure D4 shows the word assignments in Format B .  

F i g u r e  D4 Data  to Word Assignments  Format B GSF@/CRT 





I n  t h i s  mode t h e   i n t e r n a l   s e c t o r e d  SEQ counter   can  only  be  updated a t  
t he  t ime i n  t h e  te lemetry  f rame when unsectored rates a re   be ing   r eadou t  and a 
p r c s c r i b c d  number of  S / C  r o l l s  have  been  completed, , 

To o b t a i n   s y n c   w i t h   t h e   s e c t o r e d   r a t e  data  one  proceeds as fo l lows:  
Note  the  . reading of t h e  SSEQ I D  p rev ious ly   no ted   i n  Wd 30 (SSC Wd) i f   b i t  7 
docs n o t  change s t a t e  t h e   d a t a  i n  t h e   f o l l o w i n g   s e c t o r e d   r a t e   r e a d o u t s  i s  
rec1und.ant and  should  be  discarded) .  B i t  7 of 1-IET-tag Wd should be con t in -  
un11s1.y moni tored   for  s t a t e  changes  and S SEQ I D  menta l ly  increased  b y  o ~ e  f o r  
Tach  change r?c?tecl. A check may be had at- sach Wd 30 b y  comparix~g 5 FEQ's 13. 

A:; an example supposc  t h e  S SEQ I D  in Iv'd 30 w e r ~  found t o  b e  ,'and du r ing  
tl lc ncx i '  3 2  f::amcs examinat ion o f   b i i :  7 o f  %ET-tag Wd showed nu  s t a t e   c h a n g e s .  . 
I h c  fol t rming  data in t h e   s e c t o r e d   r a t e  words  wirtould I-JC r e jec te r ;  as redt~ndant,  

2ac-a. i f  i n  the  next  32 I '~ -~T:Es  b i t  )7 c,l:anges s t s t e ,  (ckt,mse t h e  mental  

I 

- 7  

o v) s e c t o r e d   r a t e  f o l l o w - j n g  readout  xdould be f r e s h  data 
and i t  accumulated  under S S e7 S e c t o r e d   r a t e  - I= SI,C=DJDII,F see- 

; t o r e d  r a t e  2 = s25-SI S I 1 3  s A t  tile io l lowing  word 30 (sS& wd) t h e  
t . S  SEQ ID should bci v e r i f i e d :  It shot:ld read 7 .  

I n  o r d e r   t o  know t h e   t y p e  of  event ( S e e  HET and LET PHA s e c t i o n s )   r e a d o u t  
i n  t h e  PITA words the   event  i s  modified  by i t s  accompanying  tag  word,  Fig- 
u re  E5 sI;or~-s t h e  format  meaning  of  both  the HET and LET tag  words.  



? ' 2 1 c r  s e c t o r  i n  which the   even t  was encoun te red  is found it7 b i t 2  1, 2,  
ant3 3 of  t h e  t a g  words a For a LET cvent  t h e  type of  w e n t  (ED of  ?D> i s  
r t v c a l c d  i n  b i t  4. ( t h e   r e s t  of  t he  JXT t a g  word i s  f i l l e d   w i t h  ones) .  For 
a HET eve -h t   an   i nd ica t ion   o f   t he   con t r ibu t ion   o f  t h e  CII d e t e c t o r   t o   t h e  
channel  number r e a d o u t   i n   t h e  HET-C (SI - tCII )  i s  found i n   b i t  4 of   the  WET t a g  
word .  If t h e  C I I  t h re sho ld  (MeV) is  exceeded   t he   b i t s  i s  1 i f   n o t ,  a zero .  

and 6 of  t h e  HET t a g   w o r d .   I f   b i t  5=1 t h e  NET A d e t e c t o r  CIII i s  ou tpu t .  
If a z e r o '  HET-A i s  r e l a t e d   t o   d e t e c t o r  A's ou tpu t .  Bits % and 5 provide  
more informat ion  as t o  t h e  co inc idence  condi.rFcns r e s u l t i ~ g  in t h e  amlys i s  
w h c ? n  ~ ~ ! o d i E i c ~ d  by t h e  S 1   b i t   r e a d o u t  i n  SSC Wd (see  WET PR4 s e c t i o n  f o r  p r i o r i t y  
d e s c r i p t i o n ) .  

i s  on o r  o f f   ( b i t  S ) ,  when t h e   b i t  S S I  t o g g l e s   ( b i t  7 )  and wh the r   t he  ex- 
perimcnt i s  m t h e   h i g h  power mode o r   n o t ,   ( b i t  9=1 for   high  power)  Bits 10-12 
o f  HET t a g  word are  unused. 

T h e  type  of e v e n t   t h a t   t r i g g e r e d   t h e  HET a n a l y s i s  is  conta ined  i n  b i t s  5 

Bits  7-8-9 of t h e  HET-tag con ta in   i n fo rma t ion   on   whe the r   t he   s ec to r   sync  

ANALOG DATA SYSTEMS 

The ana log   ou tpu t s  o f  t h e  CRT experiment   together   with  the  experiment  
connec tor  (0854-51) p in   n imber   a re  shown i n  F i g .  AD1 below. 

sc WORD 
P i n  Number 
--I_- 

Data 
24 

- 
Wd 25 Power Supply Mon (Temp) 

26 Wd 28 DET Temp  (ARG-Therm) 
37 Wd 26 pr3wer Supply Mon. (Voltage)  
28 Wd 2 7  0 3  l i b  on/of  f 
") $2) 
I. ~ -klTV Mon 
30 IC CRT S t a t u s  

A 7 1  v o l t a g e s  a re   conve r t ed   t o   t he   r ange  0.0 9 5 3 . 0  befo re   t hey  are sen t  
t o  t he  s p a c e c r a f t   q u a n t i z e r  

Ti lc  out-put  on p i n  28 ind ica t e s   whe the r   t he  CRT i s  be ing   s t imula ted   by  
i t ' s  i . n t . c r t i a1   ca l ib ra to r .  (OV=NO; 3V=yes) 

T11c ou tput  on p i n  30 supp l i e s   con f i rma t ion  of the   format  i n  which  the CRT 
.:s: n p ~ 1 - c ~ t  ii1g a n d ,  o f  c o u r s e ,  shou ld   ag ree   w i th   t ha t  of  t h e  S / C .  Pin 30=0V f o r  
Y i ~ r - ~ a t  A and iciV f o r  format B ,  
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The output  on  Pin  24 comes  from a t h e r m i s t e r  mounted d i r e c t l y  on  the power 
s u p p l y - i n p u t   r e g u l a t o r - s e r i e s   t r a n s i s t o r  and s e r v e s  as an i n d i c a t i o n   o f   t h e  
d i s s i p a t i o n   o f   t h a t   d e v i c e .  

which i s  mounted d i r e c t l y   t o  LET-1 t e l e scope   hous ing .  
The  output  on  Pin 26 comes  from t h e   P r o j e c t   O f f i c e   s u p p l i e d   t h e r m i s t e r  

DATA SYSTEM 

The da ta   sys t em o f  t h e  CRT may be   b roken   up   in to  two major areas:  
The "COSMIC RAY IRTEGRATED MOSFET PROCESSOR" (CRIMP) and t h e  INTERFACE DATA 
SYSTEM (IDS) , 
C r i m p  

The Cr imp system i s  a des ign   u s ing  ZSI MOS technology t o  produce a l o g i c a i  
buildin:n, b l o c k  n o r m a l l y   r e f e r r e d   t o  as a "bug*'' Some of t h e  '%bugs" used 
i n   t h e  Crimp a r e :  

1. Unive r sa l  4 b i t  MOS commutator C-1074 
2 ,  10  channels   of   switch C-1070 
3 .  Tree  Bug 
4 .  Mars bug 
5 e ATX,  most  bug C-1276 

The  hcs i r t s   o f - the  C r i m p  system are  t h e  Mars  bugs  which  each  contain a 
2 4  b i t :  a c . c ~ m u t a t o r ,  'a 24 b i t   t o  1 2  b i t   l oga r i thmic   compresso r ,   r eadou t  
gate:; whic'il w i t h  suitable c o n t r o l   p r o d u c e   t h e  1 2  b i t  compressed  word as 3 
b y t e s  n.E 4 b i t s  each .  The  compressed  word i s  genera ted  on command by d i s -  
cotmc:cl:i.rac t h e  a c c L w u l a t o r   i n p u t ,   t r a n s f e r r i n g   t h e   c o n t e n t s  t o  a 25 b i t  
s h i f t   r c g i s t c r s ,   s h i f t i n g   r i g h t   u n t i l  a "1'' i s  found i n  t h e  MSE o f  t h e   r e g i s t e r  
or 31 s h i E t s  have  been made; coun t ing   t he  number of  s h i f t s   r e q u i r e d   i n  a 
9 h i e  c n u n t c ? r ,  read ing   ou t   the   counter  as t h e   f i r s t   f i v e   b i t s   ( c h a r a c t e r i s t i c )  
and the  '7 M3Tr's o f  t h e   s h i f t   r e g i s t e r   ( a f t e r   d i s c a r d i n g   t h e  "1'' in t h e  MSB) as 
fhr 13st seven b i t s   ( M a n t i s s a ) .  It is seen t h a t   i f   t h e  numbers a c c u n u l a t g d  i s  

Prom t h e   l e f t .  Appendix A con ta ins  a l i s t i n g  of a l l  poss ib l e   ou tpu t s   o f  ra te  
d a t a  t-.o;.ether w i t h   t h e   u n c e r t a i n t y   i n   t h e  number read   ou t .   Inc luded  are o c t a l  
and dcci~rnal. r e p r e s e n t a t i o n s  of t h e   r a t e  number r e a d   o u t   n e g l e c t i n g   t h e   f a c t  
t h a t  i.t is compressed. 

T h e  Crf.mp a l s o  c o n t a i n s  6 PI&$ da t a  accumulators  of  12 b i t s  and a s s o c i a t e d  
with e a c h  accumulator   are  1 2  b i t s  of  i n t e r i m   s t o r a g e ,  12 b i t s   o f   r e a d   o u t  
storni:c_ a n d  necessa ry   ga t ing  t o  s equen t i a l ly   p roduce ,   on   app l i ca t ion  of 
control. s i~na ! . s ,  t h e  12  b i t  PHA word as 3 b y t e s  of 4 b i t s   e a c h .  The PHA d a t a  
is s t r a i g h t  b i n a r y  number r e p r e s e n t i n g   t h e  number of   pulses   produced  by  the 
liET x- T E T  p u l s e  h e i g h t   a n a l y z e r s .  Each LET or HET even t   has   a l so  a "tag" 
word n s ~ c i a t e d  wi th  i t  which i s  formed i n   t h e  IDS and s h i f t e d   i n t o   r e a d o u t  
si.(3l:<j?c with t h e  3 P W  words i t  modi f ies .  

T!?C C 1 - i . a ~  con t - a ins   c i r cu i t ry   necessa ry   t o   p roduce   t he   da t a   fo rma t   o f   t he  
i,l:Te Tn a 6 stage b i n a r y  counter ,   which  i s  r e s e t   t o  a l l  t ' l ' ~ "  t h e   t h e  SSCWd 
O:C! 30 E-l), t h e  Crimp  keeps t rack  of   which  f rame i t  i s  i n  and se t s  up l i nkage  
t r l ;  t / I C  p r o p e r  words  (format A ) ,  o r  word (fromat B )  t o   b e   r e a d   o u t   i n   t h a t  
i f r . ; ? : r w .  In   format  A t h e  CRT r e c e i v e s   t h r e e  1 2  b i t  words. per  frame  making i t  i s  1 

g p <: ;i t y t1ts1?'255 there will be S B M ~  UnrertAiQty i n  the number due t o  t runca t ior t  



necessary  to know where i n  the  frame  you are .  F o r   t h i s   p u r p o s e   t h e  Crimp 
has  a sub  coun te r  ( 3  b i t - s e t   t o  a l l  "1's" by  the SSC Wd) which  modif ies   the 
coa r se   add res s   gene ra t ed  by t h e  6 b i t   c o u n t e r   r e a d i n g   o u t   t h e  8 words 
of  PHA d a t a .   S e c t o r e d   r a t e  (SR1 and SR2) accumulators  are  s e l e c t e d   o n   t h e   b a s i s  
of 3 bina.ry  wci.ghted  lines  from IDS which  are  decoded  to  one o f  e t g h t   l i n e s  
by a " t r ee"  bug i n   t h e  C r i m p .  T h e s e   l i n e s   i n   c o n j u n c t i o n   w i t h  a low "go" 
s i g n a l  from fBS enab le   t he  Crimp t o   s e q u e n t i a l l y   s e l e c t   t h e   e i g h t   a v a i l a b l e  
accumula to r s   a r e   f rozen ,  

INTERFACE DATA SYSTEM 

i The func t ions  of t h e  IDS a r e   f o u r f o l d :  
1. Provide   spec i f ied   impidence   matching  a t  t h e  S/C-Experiment i n -  

2 .  P rov ide   i n t e r f ace   be tween   t he  MQS o €  t h e  Crimp  and t h e  T L of 

3 .  Generate  a l l  necessa ry   t iming   and   con t ro l   s igna l s   fo r   ope ra t ion  

4. G c n e r a t e   n e c e s s a r y   t i m i n g   s i g n a l s   t o   o u t p u t  da ta  t o  t h e  space-  

t e r f a c e .  

t h e  IDS. 

of  t h e   e x p e r i m e n t   i n   g a t h e r i n g   d a t a .  

c r a f t  d a t e  system. 

2 

Tile IDS m e e t s   t h e   r e q u i r e d   i n t e r f a c e   s p e c i f i c a t i o n   t h r o u g h   t h e   u s e  of  
d i s c r e t e  ampl i f i e r . . on   t he   i npu t   s igna l s   and   d i sc re t e   pas s ive   componen t s   ou t -  
p u t  s igr ln?r - - ,  
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when t h e   a n a l y z e r s  are busy  and is  u s e d   t o   i n h i b i t   a n y   o t h e r   a n a l y s i s   f r o m  
o v e r l a p p i n g   t h e   o n e   i n   p r o c e s s .  The TE of BUSY a l s o   i n i t i a t e s   t h e   t r a n s f e r  
and r e se t   pu l se   wh ich  moves d a t a   f r o m   t h e   c o u n t e r s   t o   i n t e r m e d i a t e   s t o r a g e  and 
p r e p a r e s   t h e   c o u n t e r s  and P M ’ s  f o r   f u t u r e   a n a l y s i s ,  The i d e n t i f y i n g   t a g  
b i t s   a s s o c i a t e d   w i t h   e a c h   e v e n t   a r e   s t r o b e d   i n t o   t h e   t a g   b i t   r e g i s t e r   i n  IDS 
s h o r t l y   a f t e r   t h e  LE of BUSY. Subsequent   events  may be   ana lyzed   and   wr i t ten  
i n t o   i n t e r m e d i a t e   ‘ s t o r a g e ,   e r a s i n g  a l l  p rev ious   da t a .   Th i s  i s  con t ro l l ed   by  
the   p r io r i ty   sys t em  d i scussed   above .  

Once each 4 f rames   in   format  A or   each  8 frames  in   format  B, immediately 
p r i o r  t o  a FHA even t   r eadou t ,  The PHA’s a r e   i n h i b i t e d  s o  t h a t   n o   a n a l y s i s  
c a n   t a k e   p l a c e ,  and t h e  STU 32 KHz co lck  (aEter being  divided  by 2 t o  produce 

’ 16 KHz) i s  u s e d   t o   s e r i a l l y   s h i f t  a l l  d a t a   f o r   b o t h  HET and LET e v e n t s   i n t o  
r e a d o u t   s t o r a g e .   T h i s   d a t a  i s  fetched  by Crimp  under  control  of IDS i n  ex- 
a c t l y   t h e  same way as r a t e  d a t a ,  i . e .  b y   a d d r e s s i n g   e a c h   r e g i s t e r   s e q u e n t i a l l y  
and  causing i t s  d a t a   t o   b e   g a t e d   o n t o   t h e   o u t p u t   d a t a   b u s .   T h i s  i s  d i scussed  
i n  more d e t a i l   l a t e r .  

IDS a l s o  c o n t a i n s  two coun te r s ,   e ach   w i th  a capac i ty   o f  3 b i t s ,  which 
control   commutat ion  or  ra te  d a t a   w i t h i n   t h e   l i n e a r   s y s t e m .   T h i s   a l l o w s   t h e  
32 r a t e   c o u n t e r s   o f  Crimp t o   b e   u s e d   f o r   c o u n t i n g  many more d i s c r e t e   c o i n c i -  
dence   s a t e s   f rom  the   va r ious   de t ec to r   sys t ems .   S ince   t he  ra tes  a r e   b a s i c a l l y  
of  two t y p e s ,   s e c t o r e d  rates and   unsec to red   r a t e s ,   t hese  two coun te r s  are  
c a l l e d   t h e   s e c t o r e d   r a t e   s e q u e n c e   c o u n t e r  (SRS) and the   unsec to red  r a t e  se- 
quence counter  (URS).  The  commutatuion  sequence of  each   has   a l ready   been   de-  
sc~:il~cci nbovc!,  Opera t ion  and t iming  of eacb i s  desc r ibed  h e r e “  

d cach ~ ~ n s c c t o r e d  r a t e  a c c u m u l a t i o n   i n t e r v a l  as def ined   by   the   t e lemet ry  
for ina t  i n  u s e .  I n  format A ,  t h i s  occurs  once each 32 main frames on  t h e  LE of 

wo;:t3 E l - 3 0  ( S S C  Wd) and 32 f r a m e s   t h e r e a f t e r ,  The advance  pulse  a l s o  i n i t i a t e s  
l o g  conversion of a l l .  u n s e c t o r e d   r a t e   c o u n t e r s  s o  t h a t ,  on t h e  TE o f  Ea, new 
s a t e  d a t a  i s  conver ted   and   ready   to   be   fe tched  Eor r e a d o u t   i n  MFWd 41-44 (Eb). 

T l l c  unsec tored_  r a t e   s equence   coun te r  i s  advanced by one  count at t h e  end 

f h e  l.’i.r:i t blain Framc ord 16-17 (Ea) f o l l o w i n  t h e  ~~~~~~~~~ of  t h e  subcorn 

The LlRS is always  advanced  every 32 frames in   fo rma t  A .  I n  f o r m a t  E URS i s  
dc1vancc:tl cvery 64 f r a m e s ,   a l s o  on t h e   f i r s t  main  frame  word Ea fo l lowing   t he  
Suhcnm word EL-=30, The u n s e c t o r e d   r a t e   d a t a  i s  thus  converted and ready t o  
fir 1:’ctclrcrl 011 t h e  TE of ~a for readout ,  T I I ~  r a t e  data  readout cannot  ~~~~~~~ 

bn :,IF?.;d 4 1 4 4 ,  as i t  d id   i n   fo rma t  A ,  however,  because Ea i s  t h e   o n l y  word 
p r c s c n t  .,, T i lus ,  i n   fo rma t  I3 r e a d o u t   o f   r a t e   d a t a  comnences on the   s econd  Ea 
a f t e r  E7.-30n 

In c o n t r a s t  t o  t he   above ,   t he   s ec to red  r a t e  sequence  counter  (SRS) can 
adva9ce on  one of  two s i g n a l s ,   e i t h e r   s y n c h r o n o u s l y   w i t h   t h e  URS as desc r ibed  

(i a h o v c ,  o r  i n   a c c o r d a n c e   w i t h   t h e  R o l l  Index  Pulse (RIP) ,  In   t he   fo rmer   ca se ,  
3 :~cl~:nnce o f  SRS i s  synchronize   wi th   t e lemet ry  and h a s   b e e n   f u l l y   d e s c r i b e d  

. a.bove. I n   t h e  l a t t e r  case,   advance i s  synchron ized   w i th   t he  S/C s p i n .  One 

.- 

of t h c s e  two s i g n a l s  i s  s p e c i f i e d  by t h e   s e c t o r   s y n c h r o n i z e r  command f l i p - f l o p  
and i s  i n d i c a t e d   i n   t h e  HET-tag word. 



e 

-2 1- 



r 

c 

L 

i 



a 
W 
LL 
X 

i 

f 

, 



. , ,  . . ~ - .  . 
. .  . I. 

r .  
,. . The Goddard/Universi ty  of New Hampshire  cosmic-ray  experiments on 

Pioneers 10 and 11 and the Goddard cosmic-ray  experiment on He1 ios-l and -2 

are  essentially  identical. A schematic drawins o f  the detector systems i s  

shown i n  Fiqure 1 and their parameters are summarized i n  Table 1. The Hi&- 

enerqy  Telescope (HETI i s  used t o  determi ne the he1 i urn eneruy  sDectrum  hetween 

20 and 500 MeV per nucleon and the Droton sDectrurn  between 2n and 56 MeV and 

120 and 300 MeV.  The particle  tra.iectory for the YET i s  defined by the A and 

B detectors. Stoppinq particles i n  this telescope  are  identified by the 

add i t iona l  requirement t h a t  there is no signal from the CII I  detector. T h i s  

stopping particle mode covers the ranqe from 20 t o  56 M e V  per  nucleon fo r  bo th  

protons and  a-particles. For penetratins  a-particles and protons w i t h  

energies  qreater than  56 MeV per nucleon, the MET becomes a trip1 e dE/dx 

device. In this  case, the enerqy is determined by the enerqy 1 oss measured i n  

the 1 cm CI + CII stack of sol id-state  detectors and the pul se-heishts 

measured i n  I3 and CIII are both required t o  be i n  an interval t h a t  i s  

m consistent w i t h  a qiven particle of this enersy. This thr&efol-d- 

mu1 tPparameter analysis reduces the backqround level o f  spurious events t o  a 

neqliqible  level. I t  i s  estimated t h a t  the  absolute  uncertainty i n  the f l u x  

i s  12% a t  400 MeV and  - 79, a t  eneraies he1 ow 200 MeV. The oDeration of the 

LET-I telescope (F iq .  1 )  is  similar t o  the s topDinq  particle mode o f  the HFT 

except t h a t  the t h i n  1nQ pm dE/dx devices (n1 and nI I ;  F iq .  1 I permit 

mu1 t i  parameter measurements t o  be  made from 3.?  t o  21.6 Ye\\ per  nucleon fop 

protons and helium nuclei. The multiparameter measurements  used i n  tha’s study 

reduce t o  a neql i q i  bl  e amount any corrections due t o  the presence of 1 arae 

quantities o f  radioactive material i n  the Pioneer 1n and 11 Dower sumlies. 



.- -- .- . 

The total rad ia t ion  damaqe  produced by energetic  electrons and Drotons 

incident on the Goddard/Universi t y  of New Hampshire experiment dur i  no the . 

'passage of Pioneer 10 throuqh the Jovian mametosphere was sufficiently h i o h  

t h a t  some four electronic  failures were induced by radiat ion damaqe effects. . 

The most serious of these was the loss of the E detector information from the 

LET-1 telescope. I t  was found  t h a t  the complete 3-21 MeV Der nucleon  eneray 

range of this  detector could be obtained fo r  stopoina  a-particles hy usinq a 

two-parameter analysis  of DI vs. DII w i t h  only a small increase i n  backqround 

( <  - 7%).  The other failures occurred a t  several  points i n  the da ta  system h u t  

i n  such a manner t h a t  either redundant information i s  available or--in one 

case--a correction  factor ( w h i c h  aenerally was on the order of 3 4 % )  could be 

derived from the available data .  

€LE€TROMICS 

Pulses from each detector  are amplified and shaoed i n  a preamD/oost- 

amplifier, and applied t o  one or more Dulse-heiaht discriminators w h i c h  

produce loqic pulses of unifom amplitude and w i d t h  for each i n o u t  Dulse 

exceedina the  threshold. These loaical  Dulses are used t o  form the many 

' coincidence-anticoincidence  conditions corresoondinq t o  various Darticle 

enerqies and types. Both single  detector  rates and  coincidence rates are 

counted i n  2 4 - b i t  binary counters. Sixty-one such rates  are monitored i n  the 

Pioneer instrument and 83 rates  are monitored i n  He1 ios. The Pioneer rates 

are shown i n  Table 2; Helios rate data '  includes a d d i t i o n a l  LET-I1 rates and 

the 2-8-keV X-ray rates. Certain coincidence conditions may i n i t i a t e  pulse- 

height analysis o f  selected  events. The ~ u l  se am1  i tudes of three  selected 

detector  outputs  are  diqitized by three I n - b i t  ana loa- to-d ia i ta l  converters 

(ADC 1. 



':- .y7 , .. -: ; .  .Pioneer -and f ie l ios  miss ions were accompl ished  usinq  near ly  ident ical  
I ,  .. . . .  
-. . 

. .  . . .  . . : 
.. . .. designs.. The same bui ld inq  b locks  conta ined i n  pioneer were used, wi th  only . 

s l i gh t   mod i f i ca t i on ,   i n   t he   He l i os  systems. Each experiment  contained  three 

mechanically- and e lec t r i ca l l y - separa te  subsystems, one for  each telescope. 

Since  Helios  contains two ident ica l   LET- I I ' s ,   th is  subsystem i s   e x a c t l y  double 

i t s  Pioneer  counterpart. 

The preamps use an FET i n p u t   i n  a conventional cascade confiquration. 

A f te r   shap ing   w i th   s inq le   in teqra t ion  and d i f fe ren t ia t ion   t ime  cons tan ts  of 

0.6 psec, the  pul  ses are   d i f fe ren t ia l l y   coup led  t o  noi  se-cancel1  inq 1 inear  

b u f f e r s   t o   e l i m i n a t e  common  mode noise  pickup. CMRR was measured t o  be - 50 
db a t   t he   f requenc ies   o f   i n te res t .  

Each o f   t h e  HET, LET-I and LET-I1 subsystems operates i n  a s i m i l a r  

fashion.  Figure 2 shows the HET system. Each noise-cancel l inq  buffer i s  

fol lowed by another  buffer t o  boost  the  incominq  siqnal  to a leve l   su i tab le  

for   pu lse-heiqht   d iscr iminat ion.  The nominal low-level   s iqnal   to be 

discr iminated  corresponds  to Channel 1 of the PHA, o r  5 mil 1 i v o l   t s .  These 

low-level   d iscr iminators  are  stable  wi th + 0.5% t o t a l  d r i f t  f rom -?floc t o  

+40°C. A lower  'power  version  of  discrimi  nator i s  a1 so used  where + 2% 

s t a b i l i t y   i s   t o l e r a b l e .  Three  of e i q h t   d i s c r i m i n a t o r s   i n  HET are of t h i s  

c 

- 
- 

var iety .  

Two l i n e a r  summinq ampl i f ie rs   a re  used i n  HET. The f i r s t   l i n e a r l y  adds 

the CI and CII buffered  inputs.   This sum i s  presented  to  the PHA fo r   ana lys is  

under  the  proper  conditions, and, hence, must  exceed the 1 i n e a r i  ty  

requirements  of  the PHA. The second suminq .amp l i f i e r  adds the  s iqnals A and 

B w i t h  a weighted  output from t h e   f i r s t  summinq amp l i f i e r  



- .. 

i n t o  two d i  scrimi nators for use i n  

.. f. . . 
;.n-.r; . - .the coincfdence loqic t o  separate protons from electrons and t o  separate Z > 2 

. -  
- 

. .. : .... .. . particles .from protons 

a In. the HET system there  are 15 basic  coincidence  equations, none o f  which .: 

has less t h a n  5 terms. Six  additional sinqles  rates  are produced.  These are 

mu1 tip1 exed i n t o  the 10 rate outputs. Four of the coincidence conditions  are 

used i n  the PHA control loqic .  Inputs  t o  these  eauations  are both pulse and 

1 eve1 . The  pul se i n p u t s  are derived from the  discriminators whi  1 e the  level s 

are derived from the data system t o  control commutation of the rates. 

To insure t h a t  coincidence timins i s  not  affected b.y "discriminator walk" 

when two pulse  inputs  are  coincident, an active delay has  been incorporated. 

Since the B i n p u t  appears i n  a l l  multi-oulse  equations, i t  i s  delayed 1.5 

microseconds usinq a monostable circuit. The remainins 7 discriminators  are 

followed by 3.0 microsecond  monostables. The delayed edqe of the R monostahle 

is fed t o  an edqe-coupled  hiqh-speed sate, whose other "andinq"  inputs are 3.0 

microsecond-wide pulses or levels. This method insures t h a t  i f  a l l  inouts  are 

coincident w i t h  1.5 microseconds, the proper equation t i m i n g  will be 

fulfilled. 

The coincidence system a1 so selects events for pu1 se-heiqht  analysis. 

There are four coincidence conditions which  can initiate  analysis; two contain 

the term CI I I  (penetratinq  particles) i n  which case RI, (CI+CII)and CIII are 

analyzed. The other two conditions  contain C I I I  (stoppins  Darticles) for  

which A,  B and (CI+CII) are analyzed. P r i o r i t y  selection of  event tyDes 

- 

a1 1 ows higher priority events t o  be analyzed and stored i n  place of lower 

pr ior i ty  events. The relative  priority of the four  event tyDes i s  rotated so 

t h a t  each type has hiqhest p r io r i ty  for one-fourth the time. This  emphasizes 

the occurrence of relatively  rare events i n  the data .  
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The. PHA system contains four delay lines and linear  sates,  three heiqht- 

to-time converters,  a gated current source and a gated clock. When an 

acceptable  event has occurred, "open" siqnals are  sent t o  the proper 1 inear 

gates (B, [CI+CII] and A or  CIII). The i n p u t  siqnals are delayed 3.S 

microseconds t o  compensate for del ays i n  the coincidence and priority 1 oqic 

matrices. 

The HTC is  of the Wil k i  nson discharqe  tyoe,  the usual choice for nuclear 

spectrometers because of its excel 1 ent d i  f ferenti a1 1 i neari t y  

characteristics. The gated constant  current source remains on hetween events 

and is turned of f  s l i qh t ly  after openinq of the linear oate .  This  minimizes 

the effect of noise  spikes  associated w i t h  openinq of the l inear  sate, and 

improves the low-channel resolution and linearity  siqnificantly. The PHA's 

are ab1 e t o  resolve Channel 1 (5 m i  11 ivo l  t s )  and produce a t o t a l  differential 

non-1 i neari ty of - + 1 .5% over the top  99% of full  scale ( 5  volts or Channel 

1024).  The d i q i  t i z i  nq  clock i s  501) kHz, p r o v i d i n g  a ?-mil 1 isecond  conversion 

time for full-scale  inputs. The three 1024 channel PHA's  used i n  HET require 

1 ess t h a n  30 mil 1 iwatts of power. 

The PHA system outputs  three qated pulse trains which 

binary "counters. Addi t iona l  t aq  bits are  stored w i t h  each 

quantity which identifies the event tyne, p r io r i ty ,  sector 

are counted i n  

three-parameter PHA 

In of spacecraft 

spin and a CII ranqe indicator t o  further  characterize each event. 

The LET-I and -11 systems shown i n  Fisures 3 and 4 operate very similarly 

t o  HET. The linear  buffers,  discriminators and coincidence matrix use the 

same circuits as i n  HET. LET-I PHA da ta  contains  diqitized values of  the n1, 

011 and E detector  pulses, and taq hits provide sector In, p r i o r i t y  and event 

type information. A two-level p r io r i ty  system i s  used, and bo th  event types 

are a1 1 otted equal  time as hiqhest priority  events. The coincidence rates 

detected by LET-I and -11 are  also  listed in Table ?. 



data  systems are   qui te  similar i n  desian. All spacecraft  interface, command 

processing  loqic,  control of the accumulation intervals  and  formattina of Rate 

and PHA data  into  the  avail  able  telemetry space is  accomol ished i n  a 

spacecraft-unique  Interface  nata System ( Ins)  usinq low-Dower T ~ L  c i rcu i t s .  

Discreet components were used where necessary  to comoly w i t h  spacecraft 

interface impedances and 1 eve1 s. 

The telemetry  formattinq was desisned t o  keeD the  rate  data c,ycle  time 

between 3 and 7 minutes for  as many b i t  rates and fornlats  as  possible which 

were most 1  ikely  to be used d u r i n q  a nominal mission, or n o t  more t h a n  one- 

ha1 f of the  science  telemetry  avail ab1 e  to each exDeriment. PYA data is  

inverleaved w i t h  rate  data and can process UP t o  3 events Der second on 

available b i t  ra tes .  PHA telemetry is  always equally  divided between HET and 

LET. Because of the wide variation i n  b i t  r a te  (2n4R/sec t o  16/sec\ on 

Pioneer,  a  complete  data  cycle  for  all  rates becomes as 1 ons as - 1.7 hours. 

The experiment  acquires  spin-sectored d a t a .  A sectored  rate  synchronizer 

qenerates  suitable  control  signals  to  insure  that  the  sectored  rate 

accumulators  are  live for an exact  intearal number of sDacecraft 

revolutions. The  number  of revolutions is  determined by the b i t  ra te  i n  use 

and varies from 1  rev/readout t o  31 revheadouts  (spin  rate - 5 RPM), and  

between 53 rev/readouts  to 2231 rev/readouts on Helios  (soin  rate - 60 RPY). 
Sectors  are 45O wide on both macecraft .  



electronic design for severe environmental conditions. The experiment 

qualified i n  v i b r a t i o n  a t  50 g's and was subjected t o  almost %lo5 rads i n  

Jovian radiation  belts. I t  has already been operatinq i n  f l  i a h t  for  Q years, 

and we expect t o  be ab1 e t o  receive da ta  from Pioneer l n  u n t i l  the telemetry 

signal i s  lost. Weight was a ma.ior  problem, especially on Pioneer. The 

experiment weiqhed 2.2 k q  for  the sensor systems, the  electronics system 

consisting of the  charqe-sensitive Dreamplifiers, shapina amplifiers, 

thresholds and loqic  circuitry,  priority control system, six I n - b i t  pulse- 

height analyzers, an extensive da ta  system and the low-voltase and detector 

bias dc-dc converters. Power  consumption  was 2.4 watts. The Pioneer 

experiment includes more t h a n  8,000 discrete  electronic components  per  system 

and more than 40,000 transistors--largely i n  medium- and larse-scale 

i nteqrated circuits. 

Experiment  performance  has been excellent.  Fisure 5 shows the LET PHA 
m 

data  f o r  the August 1972 event. This i s  a p l o t  of the averaqe dE/dx value 

([VI + DII]/2) vs. the E value w i t h  a consistency check applied t o  the I31 and 

DII values. The chemical  elements are  readily  identified, and isotopic 

separation, even fo r  the Maqnesium line,   is  possible. 

T.IK . PER I OD - C OUE-R En 

The data  for the  planetary encounters has  been excluded from these 

tapes. The followins time periods were, therefore, excluded from the 

interplanetary data for the spacecraft/encounter  indicated: 

Pioneer 10/Jupiter: 11/26/73, 00:0n, t o  12/16/73, N'l:nn 



documentation concerning their content. 

The time periods incl uded on these  tapes  are as f o l l  ows: 

Table 3 l i s t s  the particles and their enerqy  ranqe t o  which the different 

rates  are  sensitive. 

DATA FORMkT 

Time-history_ of Pioneer Cosmic-ray Telescope d a t a  -described above i s  

being submitted on %track  tapes recorded a t  1600 BPI. The tape marked PIOEPF 

contains Pioneer 10 da ta  and the one marked PInEpG contains Pioneer 11 data .  

Each tape contains one f i l e  of data .  The f i l e  consists of a number of 

frames. A frame covers a period of one month  or less and consists of eiqht 

F1 ux Time-history (FTH) records. na ta  i terns contained i n  the FTH records i n  

each  frame are described i n  Table 3. An FTY record contains a count  of the 

number of data  items (NBIN) whose time-history is  included i n  the record, a 

count of the number of averaqinq interval s (NINT) included i n  the record, 

definitions of da ta  items included and time-history d a t a .  Table 4 defines  the 

structure of an FTH record i n  detail. These tapes were qenerated on an IRY 

System 360 computer; thus, a word consists of 32 bits, half-word 1 is  the h igh  

order 1 6 - b i t  fie1 d of  the word and ha1 f-word 2 the low order ha1 f (bits  16-31, 

w i t h  the left-most or MSB numbered 0). Characters are  represented in & b i t  

EBCDIC byte, real numbers are  represented i n  the IRM sinqle Precision f l o a t i n q  

p o i n t  format. Length ( i n  words) of an FTH record i s  qiven by 



200 + ( 3  + 2 * NBIN)  * NINT NRIN < 5 

233 + ( 3  + 2 * 6 )  * N I N T  , N B I N  = 6 

- 

Thus,  FTH records have a maximum length o f  l W 2  words (7248 bytes). 

. . .  . 
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Table 2 

, ' . I .  

RATE 

. .  *R1 
. .  

*R2 
* 
*R3 

R4 

R5 

R6 

R7 

R 8  

R9 

5 
R10 

*R11 
* 

R12 

R13 

COINCIDENCE 

A&B CIII 

AlBK2CIII 

A2B C I I I  - 
A2BK2C I 

A ~ B K ~ C  15 

A 2 B K 2 C I C I I C I I I  

A2 -- 
A1A2BC I - 
A ~ ~ B C I C I I  

A ABCICIIM 
A,BK~ET 
- 1  2 

A2BK1CICII 

A2BK1CICI ICI I I  

B 

- 

C I  

C I I  

CIII 

D1l 

D18 
DIDIIF 
DIDIIIDF 

PARTICLE/ENERGY+ 

Pro tons ,  Z>2: - 20-56 MeV/nuc 

Elec t rons :  2-8 MeV 

Protons:  >230 MeV 

Z>2: - 20-56 MeV/nuc 

Pro tons ,  56-220 MeV; Alphas,  >56 MeV 

Alphas: 20-30  MeV/nuc 

Alphas: 30-45 MeV/nuc 

Alphas: 45-56 MeV/nuc 

E lec t rons :  2-4 MeV 

E lec t rons :  4-6 MeV 

E lec t rons :  6-8 MeV 

Protons,   Alphas: 20-30 MeV/nuc 

Protons,   Alphas: 30-45 MeV/nuc 

Protons,   Alphas: 45-65 MeV/nuc 

Pro tons ,  Z>2 :  3-21 MeV/nuc 

Z>2:  3-21 MeV/nuc 

Pro tons ,  Z>2 :  6-21 MeV/nuc 

Z>2:  6-21 MeV/nuc 

Pro tons ,  Z>2:  10-21 MeV/nuc 

Z>2:  10-21 MeV/nuc 

- 
- 

- 
- 

- 
- 



T a b l e  2, Continued: 

RATE  COINCIDENCE 

R14 D I  

D I I  

R15 

R16 

SR1 

SR2 

F 
S I  

s I1 
S I 1 1  

SIIA 
--- 

SI1 SI1 SIIA S I 1 1  

S I 2  SI1 SIIA  SI11  

S I 3   S I 1  SIIA SI11 
SI4  SI1 SIIA  SI11 

S I  S I I l   S I IA  SI11 

S I  S1I2  SIIA S I 1 1  

S I  SI13 SIIA S I 1 1  

- S I  SI14 SIIA S I 1 1  

--- 
--- 
--- 
-- 
-- 
-- 
-- 

A&B CI CIII 

DIDIIF 
DIDIIE~F 

A2BK1CIII 

S I 5  SII SIIA SIII 

PARTICLE/ENERR+ 

Protons:  .15-2.1 MeV 

Protons:   .72-2.1 MeV 

Protons:  1.2-2.1 MeV 

Alphas:  .6-2.1 MeV/nuc 

Protons:  2.1-21 MeV 

P r o t o n s  : 5.7-21 MeV . ,  

Protons:  15.1-21.2 MeV 

Alphas:  6-21.2 MeV/nuc 

Electrons: 4-8 MeV 

P r o t o n s ,  Z>2: - 20-56 MeV/nuc 

P r o t o n s ,  Z>2:  3-21 MeV/nuc - 
P r o t o n s ,  Z>2: 6-21 MeV/nuc - 
Protons:   .12-2.1 MeV 

SI6  SI1 SIIA S I 1 1  
--- 

Protons:   .52-2.1 MeV 

Protons:  1.5-2.1 MeV 

S I R  SII SILA SIII Protons:   1 .5-2.1 MeV 

E l e c t r o n s :  .12-2 MeV - 
S I  SIIh SIIA  SI11  
-- 

E l e c t r o n s :  .40-2 MeV 

E l e c t r o n s :  .68-2 MeV - 
S I   S I 1 8  SIIA S I 1 1  
-- 

E l e c t r o n s :  .97-2 MeV 

+Design  goals ,  actual  p a r a m e t e r s   f o r  the submi t ted  rates are l i s t e d  
i n  Table 3. 

Designates PHA c o n d i t i o n s .  
* 
K = A+B + 1.8(CI-tCII) 

ID = D I + D I I  +l. 6E 



Table  3. Data Content  of a Frame  on PIOEPF and PIOEPG 

, . . _  
FTH RECORD # 

W I T H I N  A FRAME 

. .  . .  
. .  1 

2 

3 

4 

5 

6 

7 

8 

DATA ITEM 

112.0  -400.0 MeV Pro ton  
30.0 - 56.0 MeV Pro ton  

3.44- 5 .2  MeV Pro ton  
112.7  -400.0 MeV Alpha 

30.0 - 56.0 MeV Alpha 

10.0 - 21.0 MeV Alpha 
3.44- 
2.0 - 

R l  
R2A 

R2B 
R3A 

R9A 
R9B 
R9C 

R9D 
RlOA 
RlOB 
RlOC 
R 1  OD 

RlOE 
RlOF 

RlOG 

RlOH 
RllA 

R l l B  
R12A 
R12B 
R15A 

R15B 

R15C 

R15D 
R16A 
R16B 
R16C 

R16D 

5.2 MeV Alpha 
6.0 MeV E lec t ron  

2-8 MeV e l e c t r o n s ,  20-56 MeV pro tons  
>180 (P-lo), >220 (P-11) MeV pro tons ,  
>8 MeV e l e c t r o n s  , 

A l l  2 > 2   i o n s   w i t h  a range < 1.5 cm i n  S i  
56-186- (P-10)-220  (P-11) MeV p ro tons   p lus  
> 56 MeV a lphas  
0.22 MeV th re sho ld  on Det. B 
1.0 MeV threshold   on  Det. C I  
1.1 MeV threshold   on  Det. C I I  

0.23 MeV th re sho ld  on Det. C I I I  
0.13 MeV th re sho ld  on Det. D I  
0.60-33 MeV pro tons ,  > 0.39 MeV a lphas  
0.72-20 MeV pro tons ,  > 0.42 MeV a lphas  
0.84-14.2 (P-10) , 0.82-15.1 (P-11) MeV pro tons  
> 0.46 MeV a lphas  

1.1-8.1 MeV pro tons ,  > 0.53 MeV a lphas  
1.60-5.1  (P-lo),  1.56-5.1 (P-11) MeV pro tons ,  
> 0.63 MeV a lphas  
2.29-3.8  (P-10) , 2.13-3.8 (P-11) MeV pro tons ,  
> 0.75 MeV a lphas  
> 0.99 MeV a lphas  with proton  contamination 
3.2-21 MeV protons  and  a lphas 

3.2-21 MeV alphas  and heavier ions  
5.6-21 MeV protons  and  a lphas 
5.6-21 MeV a lphas   and   heavier   ions  
0.20-2.15 (P-IO) , 0.20-2.17 (P-11) MeV 
protons,   a lpha  and  ion  contaminat ion 
0.74-2.15 (P-10) , 0.72-2.17 (P-11) MeV pro tons ,  
0.22-2.05 MeV a lphas  

1.24-2.15 (P-10) , -2.17 (P-11) MeV pro tons ,  
0.34-2.05 MeV a lphas  
0.69-2.05 (P-10) , 0.66-2.05 (P-11) MeV a lphas  + i o n s  
3.2-20.6 MeV pro tons ,   p lus  some a lphas  
5.7-20.6 MeV p ro tons ,   p lus  some a lphas  
14.9-20.6 MeV protons ,   p lus  some a lphas  

6.6-20.6 MeV a lphas  



. .  

Table 4. STRUCTURE OF FLUX TIMEfIISTORY  RECORD 

. 
WORD RALFWORD TYPE  DESCRIPTION 

1 1 Integer  Number  of  data  items  contained  in 
the  record  (NBIN). 

3  -35 2 Integer  Number  of  averaging  intervals  (NINT) 
contained  in  the  record. 

3  -35 

36-68 

6 9-101 

102-134 

135-167 

' 168-200 

201- 

201-233 

234- 

character  132-character  title  identifies 
satellite  and  gives  the  start  time 
of  first  averaging  interval  and  last 
averaging  interval  in  the  record. 

character  132-character  description  of  first 
data  item. 

character  132-character  description  of  second 
data  item,  if  NBIN > 2. Otherwise, 
not  used. 

character  132-character  description  of  third 
data  item,  if  NBIN > 3. Otherwise, 
not  used. 

- 

character  132-character  description  of  fourth 
data  item,  if NJ3IN > 4. Otherwise, 
not  used. 

- 

character  132-character  description of fi.fth 
data  item,  if  NBIN > 5. Otherwise, 
not  used. 

- 

NBIN < 5 - 
NINT  Averaging  Interval  Entries 
(AIE).  The  structure  of  an  AIE  is 
shown  in  Table 4. 

NBIN = 6 

character  132-character  description  of  sixth 
data  item. 

NINT  Averaging  Interval  Entries  as 
defined  in  Table 5. 



Table  5 .  STRUCTURE OF AVERAGING INTERVAL ENTRY 

WORD HALFWOIQ TYPE  DESCRIPTION 

1 

4- 
(3+2*NBIN) 

1 I n t e g e r  Z - d i g i t   y e a r  
2 I n t e g e r  month  of  year 

1 I n t e g e r  day  of month S t a r t  time 
2 I n t e g e r  hour of day  of  averaging 

1 I n t e g e r  minute  of  hour 
2 I n t e g e r  second  of  minute 

i n t e r v a l  

Real NBIN FLUX e n t r i e s .  Each FLUX e n t r y  
i s  two words long. If the  second 
word of t h e   e n t r y  i s  -1.0, d a t a   f o r  
t h i s  item is  n o t   a v a i l a b l g ;  
o t h e r w i s e   t h e   f i r s t  word is t h e  
va lue  of flux and the  second word , 

c o n t a i n s   t h e   a s s o c i a t e d  s t a t i s t i ca l  
e r r o r .  
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F i g u r e  5. 

dE/dx vs. E 
r e s u l t s  from 
t h e   P i o n e e r  
LET-I tele- 
scope   du r ing  
the  August  
1 9 7 2   s o l a r  
even t .  Clear 
i s o t o p i c  
r e s o l u t i o n  
f o r  elements  
up t o  Mg is  
p o s s i b l e .  
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! I.  

. .  . 

SCTENTIFIC ORXCTIVES - 
The proposed  Pioneer  F and G m i s s i o n   o f f e r s  a unique, oppor tu-  . 

n i t y   t o   s t u d y  t h e  ex tended   reg ions  of  t h e   i n t e r p l a n e t a r y  medium. 

The p o s s i b i l i t y  of a p p r o a c h i n g   i n t c r a t c ' l l a r   e l e c t r o m a g n e t i c  

condi t ions  nmst   be  contemplatdand  regalrded w i t h  g r e a t   i n t e r e s t .  

These   po in t s ,   coup led   w i th   t he   appor tun t ty  t o  skady the, Jov ian  

: 

e n v i r o n m c n t ,   c a l l   f o r  a c a r e f u l l y   c o o r d i n a t e d  s e t  o f '  s t u d i e s   i n  

d e g r e e   t h e   p r o p o s e d   t r a j e c t o r i e s   o f  Piorwer  F and G. The s i g n i f l -  

cance a €  these  measurements w i l l  be gre- l t ly   e rhanced  by concur ren t  

' . measurements  with similar p a r t i c l e   t e l e s c o p e s   s c h e d u l c d  f o r  f l i g k t s  

o n   s a t e l l i x e s '   o f   t h e  KIP 0'1: s i m i l a r  series i n   n e a r - e a r t h   o r b i t s .  

The principal s c i e n t i f i c  objectives of t h i s  expcrimcnt arc;  

1. To' measure  the '   f low  patterns of e n e r g e t i c   s o l a r  and g a l a c t i c  

,. 
. I  . 

. p a r t i c l e s   s e p a r a t e l y  i n  t h e   I n t e r p l a n e t a r y   f i e l d .  To i n t e r p r e t  
1 

t h i s  measurement ,   s imultaneous  determinat ion of the  energy spectrum, ' ,J+ ~ ~ , ~ , ~ ,  

r a d i a l   g r a d i e n t ,   a n g u l a r   d i s t r i b u t i o n ,   a n d   s t r e a m i n g   p a r a m e t e r s  i s  

r equ i r ed   fo r   each   nuc lea r   spec ie s   and   ove r  as wide   an   energy   range  

as is p r a c t i c a b l e .  

4 C?/, '7 r 
2 1 _ _ - - - .  - . .  

s 

$2 / 

2. To measure  the  energy  spectra ,   and  i .o t0pi .c   composi t i ,on of 

- g a l a c t i c   a n d  solar  cosmic  rays  from the lowest p r a c t i c a l   e n e r g i e s   u p  

t o  N 800 MeV/nucleon  and (by u s e  of o b j e c t i v e  1) t o  unfold the 

p r i m a r y   f l a r e   a n d   i n t e r s t e , l l a r   s p e c t n m .  

3. To measure  the tire v a r i a t i o n s   o f   t h e   d i f f e r e n t i a l   e n e r g y  



. 

' I  

I 
! 

8 ,  

spectra oE e l e c t r o n s ,  hydrogen and helium n u c l c i  over  the 

corresponding   energy  i n t a r v a l s .  During f l a r e  e v e n t s ,  t o  obtain 

.. .tima h i s t .or iae ;  d u r i n g   q u i c t  t i n c o ,  t o   r c l c r t c  groas t i n c   v a r i a t i o m  

t o  those n e a r   e a r t h   t h u s   d e d u c i n g  a s p a t i a l   g r a d i e n t   f o r  galactic 

cosmic  rz.ys. J" I 

4. TO s t u d y   t h e   e n e r g y   s p e c t r a ,   t i m e   v a r i a t i o n s   a n d   s p a t i a l  

g r a d i e n t 9   a s s o c i a t e d   w i t h   r e c u r r e n t   a n d   n o n - f l a r e   a s s o c i a t e d .   i n t e r -  

p l ane ta ry   p ro ton   and   he l ium streams and to  d e f i n e   t h e   r e l a t e d   s o l a r  

or  i n t e r p l a n e t a r y   a c c e l e r a t i o n   p r o c e s s e s .  

5. I:o p r o v i d e   i n i o n n a t i o n   o n   t h e   e n e r g e t i c   p a r t i c l e   d i s t r i b u t i o G  

sur round: .ng   Jupi te r .  / I 

6 .  t r y   t o   d e t e r m i n e   t h e  extent: of t h e   s o l a r   c a v i t y ,   t h e  

e n e r g e t i c   p a r t i c l e  ghencmcna o c c u r r i n g   a t   t h i s   i n t e r f a c e   a n d   t h e  

cosmic rry . .  deneity , i n  nenrby intersteliar space ,  

. .  

. .  
~~ 

Ihe s p a t i a l / t e m p o r a l   s t r u c t u r e   o f   s o l a r   a n d   i n t e r p l a n e t a r y  
1 ', L 

. '.<+ 
. .  

9 '  . , e v e n t s  c;:n only  be  deduced  from  continuous  monitors a t  a v a r i e t y  

o f  radial and   az imutha l   l oca t ions .   Co- ro ta t ing   pa r t i c l e   s t r eams ,  

in te rp la r ,e ta ry   p lasma  shocks   and .  F0rbu:;h dec reases   a r e   obv ious  

e x a m p l e s   i n . a d d i t i o n   t o   c u s t o m a r y   f l a r e   e v e n t s .   Q u i e t - t i m e   f l u x e s .  

measured on the  outward  journey  cannot  be i n t e r p r e t e d   i n  terms of . ,.' 

a g a l a c t i c   g r a d i e n t   u n l e s s  a sound  "base- l ine"   for   the   so la r   cyc le-  

-. . dependent t i m e  v a r i a t i o n  of f luxes   can  be derived  from  comparable 

d e t e c t o r s  in n e a r - e a r t h   o r b i t s .   F o r t u n a t e l y   s u c h   d e t e c t o r s  are 

s c h e d u l e d   f o r  a concurren t   per iod   on  IMP H and J, and potentially 
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The s t r o n g   c o l l i m a t i o n  of so lar  p a r t i c l e  flow along magnet ic  

f i e l d   l i n e s   d u r i n g  a l l  but   the  late phtlses of solar f l a r e  events 

is well e s t a b l i s h e d   n e a r  1 AU. However, a t  5 AU t h e   f i e l d  may be 

qu i t e   t ang led   due   t o   t he   "wind ing  up". o f   the   Archimcdcan   sp i ra l  

f i e l d ;  i t  would make an   average   angle  of - 80" w i t h  thc s o l a r   r a d i u s  

v e c t o r .  I f  t h e   f i e l d  a t  t h i s   d i s t a n c e  i s  more d i so rde red   t han  a t  

e a r t h ,  t t , e  r e v e r s e   s i t u a t i o n   t o   t h a t  a t  t h e   e a r t h  m y  h o l d ;   a n g u l a r  

f l a r e   p a r t i c l e   d i s t r i b u t i o n s  may a i d  i n t e r p r e t a t i o n  of compl ica ted  

magnet ic   f ie ld   measurements .  The need   fo r   a s soc ia t ed   magne t i c  

f i e l d  me;.surements i n   i n t e r p l a n e t a r y   s h o c k s   a n d   F o r b u s h   d e c r e a s e s  

i s  se l f - ev iden t .   Recen t   t heo re t i ca l   wark   (G leeson ,  1969; Roelof, 

1969)   has  _shown t h a t   t h e   a v e r a g e  magne.:ic f i e l d   d i r e c t i o n   g o v e r n s  

the flow of q u i e t - t i n e  . . ~  p a r t i c l e s ,  80  s i m l t a n e o u s   p n r t i c l e - f i e l d  

o b s e r v a t i o n s   a r e   r e q u i r e d .  

PHENOMENA TO BE MEASURED 

J 

, .  

I n   t h e   f i e l d  of e n e r g e t i c   p a r t i c l e r  we h a v e   t r i e d   t o   d e s i g n  

an i n s t m n e n t   t h a t  w i l l  provide  the  maximum-possible   diagnost ic  

power to :.xamine t h e   c o m p l e x   f i e l d - p a r t i c l e   i n t e r a c t i o n s   o c c u r r i n g  

i n   t h e   i n t e r p l a n e t a r y   e n v i r o n m e n ' t  as well as the  Jovian  magneto-  

; I  

8 

I 

sphere .  
I 

To accompl i sh   t h i s  we propose a coord ina ted  s e t  of two s o l i d  
*. 

state d e t e c t p r   t e l e s c o p e s   t o   s t u d y   c h a r g e d   p a r t i c l e s .  The 

t e l e s c o p e s  are des igna ted  as : 

I 

i 
,I 

, .  

I 

. .  

I 

. .  
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a. the high   energy  telescope (H.E.T.)p 

b.  two l o w  energy dE/dx 

I and L.E.T. 11). 

CEarged particle spectra and 

measured over an  ex tended  energy  

b r i e f l y   l i s t e d   b e J - m  i n  Table I ,  

vs. E telescopes (L.E.T. . t  
1 

4 ,  

i 

r 

a n ; p l a r   d i s t r i b u t i o n s   w i l l .  be 1 

in:ez?ral. These i n t e r v a l s  arc 

and are shown g r a p h i c a l l y  i n  

. .  

. i '  

TABLE 1 
I 

P a r t i c l e  Coinponcnt 

So la r   p ro tons  

Calact ic' cosmic ray  IfeLitrrn 4.5 - 600 MeV/nucleon 

Solar Helium 1'0 Q 600 Movlnucloon 

He3/Ht 4 ,  D/H 4.5 ': - 50 MeV/nucZeon 

Galactic Bnd Solar Elec t rons  .050- ,5.0 MeV 

. .  

. .  ~ i ,  ~e, B', C, N, 0, F, Ne and 
. their i no top ic   ' compos i t ion  6 MeV/nuc- -- '200 KeV/nucleon 

In t eg ra l .  f lux > 800 MeV 

Energy Ranges f o r  Angular Distribution S t u d i e s  * 

Hydrogen .05 - 120 MeV 

He 1 ium , 4.5 - 120 P/ieV/nucleon 

Electrons 005 - 5 MeV 
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Geometrical Factors  

High  Encrgy  Telescope 0.220 c 2  0 a t e r .  

Low Encrgy ,Telescope I I ' 0.155 cm* - ster.  

Law Emrgy  Te lescope  I1 . 0,015 cm2 - s t e r .  ' 

I 
I 

, .  
6 

1 

111. DETECT.3R SYSTEM . .  
! 

We s h a l l  now d i s c u s s   t h e s e '  threc: t e l e s c o p e s  Sn some d e t a i l   a n d  

. how th:: measu remen t s   a r e   coo rd ina ted   t o   p rov ide  a comprehensive 

and  ' redundant s e t  of  cosmic  ray  measurements. The redundance Of 

t he   s epa ra t e   s e t s   o f   measu remen t s  a:i well  as t h e   s e l f - c a l i b r a t i o n  

are ' i r r , po r t an t "   f ea tu re s  of the  systera  we are proposing. It i s  a 

t o t a l   n e c e s s i t y   i n   v i e w  of the   p ro longed   na ture  of the Pioneer  F , 

and G miss ions   and   the   cont roversy  that: c u r r e n t l y   e x i s t s  over 

. t h e   i n t e r p r e t a t i o n  of g r a d i e n t  and anisotropy measuraments nude 

i n  the  ,'O,.? - 1.5 AU i n t e r v a l .  

: 

I 
i 

I 

i 
: .  ! .  

/ 
b I 

i 
F igurp 2 i s  a p i c t u r e  of the  conipleted  experiment   with i. 

'1  
' 1  

i 
i '  

I .; ;J 

* h a n d l i n g   f i x t u r e s   a n d   d e t e c t o r   c o v e r s   a t t a c h e d .  The LET-11 

, t e l e s c o p e   w i t h i n ' i t s   r a d i a t i o n   s h i e l d   i s - i n   t h e   c e n t e r   w i t h   t h e  1 

! 
LET-I t e l e s c o p e   p a r t i a l l y   v i s i b l e   t h r o u g h   t h e ,   s i d e   f a c e .  The HET, 

t e l e s c o p e  i s  w i t h i n   t h e   p a c k a g e ,   d i r e c t l y   a b o v e   t h e   o t h e r  two I ' i  
1 

t e l e scopes ,   and  looks t h rough   t he   f ron t   and   s ide   f aces  shown i n t o   t h e  i 

to the P i o n e e r   s p i n   a x i s   a n d   t h u e  are a l w a y s   s c a n n i n g   t h e   c e l e s t r i a l  ,) i ; 
f 

s phere .  





, .  

-6 - 
, , .  

High Energy Telescope: , . .  

The high   energy   te iescope  i s  a four   e lement   errny  and i s  shown 

schemaLica l ly   i n .F igu re  3 .  Two'of these  e lements  ( A  and B)  a r e  

s i n g l e ,  l i t h i u m - d r i f t e d ' s i l i c o n '  , d e t e c t o r s ,  300 m i n   a r e a   a n d  2.5 nun 2 

t h i c k .  The th i rd   e l emen t  i s  a s tacked   a r rangcmcnt   o f   four  850 n;n 

2 . 5  m t h i c k   l i t h i u m . d r i f t e d   s i l i c o n .   d e t e c t o r s  (C1 and C2), while 

2 

1 .  

. the   four th   e lement  C 3  i s  a similar d e t e c t o r   w h i c h   i d e n t i f i e s   e v e n t s  J: 
as  s topp ing  somewhere i n   t h e   t e l e s c c p e  AEClC2 o r  as p e n e t r a t i n g   t h e  ' 

e n t i r e   t e l e s c o p e .   F o r   p a r t i c l e s   w h i c h  come t o  r e s t   w i t h i n   t h e  

t e l e s c o p e  (20 ' 0  50 MeV/nucleon) three  measurements   are  made - 
' ' e n e r g y   l o s s  (dE/dx), t o t a l   ene rgy ,   and   r ange .  The s imul taneous  

measurc:nent of to t a l   ene rgy   and   r angc   p rov ides  a very  powerful  

, '  method f o r  re jec t ing   de tec tor   background,   which  i s  a p a r t i c u l a r l y  

s i g n i f :  PJant p rob lem '   i n   t h i s   ene rgy   r eg ime .  For p a r t i c l e s   w h i c h  
. ,  , .  .~ 

i '  
. !  . .  p e n e t r ~ t e   c o m p l e t e l y   t h r o u g h   t h e   s t a z k  of  s o l i d   s t a t e   d e v i c e s ,   t h r e e  

, ,  * ' separa te   dE/dx  ... measurements are made,  This w i l l  allow t h e   ' d i f f e r e n t i a l  

', , 
. .  

8 
( 4  

I 

ene rgy   spec t r a   t o ' be   ob ta ined   fo r   he l ium  and   hydrogen   f rom  50  - 800 

i MeV/nucleon.  Charge r e s o l u t i o n   f o r   p e n e t r a t i n g   p a r t i c l e s  w i t 1  be . ,  

I 
> ,  

_.. . 

poss ib le  up t o   app rox ima te ly  200 MeVjnucleon. 
# 

1 

Figure  3 a l s o  shows a s impl i f i ed   l og ic   d rawing   fo r   t he  HET. 

I n   a d d i t i o n   t o   t h e   t h r e e   1 0 - b i t   a d d r e s s e s   a s s o c i a t e d   w i t h   t h e   p u l s e  

h e i g h t  analysis of an  HET e v e n t ,  we r e q u i r e   a d d i t i o n a l  b i t s  as 

n o t e d   t o   i d e n t i f y   t h e   p r i o r i t y  mode, i d e n t i f y   t h e   d a t a  as HET, s p e c i f y  

pHAz, i d e n t i f y   t h e   s p i n   s e c t o r  i n  which   the   event   ' occur red ,   and  t o  

' I  
! 

I 
i 
I 

'i 
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' I  

f 

i 
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4 '  
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I 

, .  

de tenn ine  if  t h e   e v e n t   p e n e t r a t e d   t o  C2. The p r i o r i t y  mode i s  .. 

t h e   s t a t e  of a time sharing  system  based  on the f o u r   l o g i c  

condi tdonc  shown on  Figure 3 w h i c h   i d e n t i f y   s t o p p i n g .   p a r t i c l e s ,  ' .  

stopping k e a v i e s  (He and   above ) ,   pene t r a t ing   heav ie s ,   and  all 

p e n e t r a t i n g   p a r t i c l e s .   S i n c e   t h e s e   d e t e c t o r s  w i i l  u s u a l l y  be 

t e l e m e t r y - r e a d o u t   l i m i t e d ,   t h e   p r i o r i t y   s y s t e m  will s e l e c t   t h e s e  

rare p a r t i c l e s  for  a n a l y s i s  on a time shared   bas i s ,   thus  

a r t F f i c i a : i l y   e n h a n c i n g  the f r a c t i o n   o f   a l p h a   p a r ' t i c l e s  and h e a v i e s  

i n   t h e   ' d a % .  The many r a t e s   w h i c h  are  conmutated  and  counted w i l l  

abluw us. to determine  . .  t h e   t r u e   r a t i o s  of t h e s e   p a r t i c l e s   i n  

i n t e r p l a n e t a r y   s p a c e .   C e r t a i n  ra tes  are   sec tored ,   e .g . ,   counted ,  

i n t o   e i g h :   d i f f e r e n t   c o u n t e r s   c o r r e s p o n d i n g  to  e i g h t  e q u a l   s e c t o r s  

( 4 5 " )  of sp in ,  synchranizcd t o  the  see-pun d i r ec t ion .  

Low Energy Telescope  (LET-I):  

\ 
I /,'$ 

J 

. .  ; . . .  

3 '  

. .  

/ .  . .  

LET-I i s  a th ree   e lement   dE/dx   vs  E t e l e s c o p e   p l u s   a n   a n t i -  

c o i n c i d e n c e   d e t e c t o r .  It w i l l  c o v e r   t h e   e n e r g y   r a n g e   f r o n . 3   t o  22 

MeV/nucleon,  and i n   t h i s   i n t e r v a l   c h a r g e   r e < ; i u t i o n  w i l l  be possible 

from Z = 1. (hydrogen)   t o  Z = ' 8  (oxygen).  The t e l e s c o p e  i s  des igned  

t o ' m e a , s u r e   b o t h   t h e   e n e r g y   s p e c t r a   a n d   a n g u l a r   d i s t r i b u t i o n s  over 

t h e s e  iritervals. T h i s   t e l e s c o p e   r e p r e s e n t s  a m o d i f i c a t i o n   t o   t h e  

o r i g i n a l  LET d e s i g n   t o   t a k e   i n t o   a c c o u n t   t h e   e f f e c t s  of t he   P ionee r  

r a d i o i s o t o p e  power s u p p l y   v s   t h e   o r i g i n a l   s o l a r   a r r a y .   E f f e c t i v e l y ,  

t h e   v e r y  law e n e r g y   p a r t i c l e   i n f o r m a t i o n  i s  now%aken by LET-I I  

. "  
. .  

(. 

L 

I 
, .  

, .  

. #  



which is q u i t e  smZL and can be s h i e l d e d ,  

"he detector c o n f i g u r a t i o n  i s  shown i n  Figure 4 ,  D e t e c t o r s  Dl 

and D2 are i d e n t i c a l   s i l i c o n  surface borricr dcviccs   cnch I00 

microns   th ick   and  100 nun2 i n  area, They serve t he   dua l   pu rposes  

of def ip ing   the   geometry  of t h e   d e t e c t o r   t e l e s c o p e   a n d   a l s o   p r o -  

v id ing  a redundant doublc dE/dx measurement. Detector E is a 

l i t h i u m   d r i f t e d   s i l i c o n   d e v i c e  2.5 mm in   t h i ckness   and  300 m i n  2 

area. I t  s e r v e s  as a t o t a l   e n e r g y   r e z i s u r i n g   e l e m e n t .  Tine F 

d e t e c t o r ,   a n o t h e r  2.5 m t h i c k   l i t h i u m   d r i f t e d   s i l i c o n   d e v i c e ,  

s imply zc ts  as an ant ico inc idence .   Events  of  the   type  DID,z and 

D1D2E'i; w i l l  be analyzed.  The D1D2EF even t s   co r re spond  t o  p r o t o n s  

between 3'and 5 MeV whereas  the D1D2EF even t s   i nc lude   t he  5 t o  22 

MeV range - f o r  p r o t o n s   f o r   i n s  Lance. 

J 

L 

Figure 4:a lso  o u t l i n e s  the  pulse   he ight :   ana lys i s   sys tem,  
'i 

c o n d i t i o n s  aGd t h e   a u x i l l i a r y  b i t s  r equ i r ed ,  A p r i o r i t y   s y s t e m  ;' 
i 

I ,J 
i similar t o  HET i s  incorpora ted   to   emphas ize  rare even t s ,   and  many z 

1 .  

d i f f e r e n t   c o u n t   r a t e s   a r e   m o n i t o r e d .   S e v e r a l  rates are  a l s o  . 

s e c t o r e d  by e i g h t   t o  allow us t o   r e c o n s t r u c i   a n  angular  scan .  
U 

I 

'. This d e t e c t o r ,   l i k e   t h e  HET, w i l l  be s e l f - c a l i b r a t i n g . '   ' I n  

a d d i t i o n   t h e   t e l e s c o p e s   h a v e   b e e n   d e s i g n e d   s u c h   t h a t   a n   o v e r l a p   i n  7 
$ 

the ind iv idua l   energy   responses  of t h e   d e t e c t o r s   d o e s   e x i s t .   T h i s  

w i l l  t hen  allow c r o s s   c a l i b r a t i o n s   b e t w e e n   d e t e c t o r s .  

Low Energy 'Telescoee (LET-11): 

T h i s   t e l e s c o p e  i s  d e s i g n e d   t o   s t u d y  low energy   p ro tons  and 
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e l e c t r o n s  i n  the j o v i a n   r a d i a t i o n  b e l t s  a n d   p a r t i c l e s  of s o l a r  

o r i g i n  i n  t h e   i n t e r p l a n e t a r y   r e g i o n .  A schematic  of  t h i s   d e t e c t o r  

i a  sh'mn in Figure  5 .  
\ .  

I 

. There are th ree   e l emen t s :  ; 

5 O# 2 
SI - 5Ojm S i l i c o n   S u r f a c e  Barrier 

s2 2.5 ITm - SO mm L i t h i u m - d r i f t c d   S i l i c o n  

s3 

2 

2 2.5 mm - 200 nun L i t h i u m - d r i f t e d   S i l i c o n  

The SI t lcickness was chosen   t o   min imiz t :   t he   e l ec t ron   r e sponse  

w i t h o u t   r a k i n g   a n   u n r e a s o n a b l e   s a c r i f i c e  i n  the   de tec tor   per formance .  

The d e t e c t o r s  SI and S 2  are used   i nd iv idua l ly   and   i n   co inc idence  

as t o t a l  abso rp t ion   spec t romete r s .  S 3  o p e r a t i n g   i n   a n   a n t i c o i n c i d e r c e  

mode ins;lre,s - .  t h a t  only s t o p p i n g   p a r t i c ; e s  are a n a l y z e d .   I n   a d d i t i o r ; ,  

S2 is mad? with a c o a x i a l   d e t e c t o r   e n c l o s i n g   t h e   c e n t e r  ac t ive  regic.11 

80 as t o  p r o v i d e   a n t i c o i n c i d e n c e   t o   p a r t i c l e s  coming  f rom  the   s ides ,  

SI w i l l  s t o p   e l e c t r o n s   i n   t h e  range 50 - 150 KeV a n d   p r o t o n s   i n   t h e  

range  50 KeV . . ?: - 3 MeV. ,The S2 d e t e c t o r  w i l l  r e s p o n d   t o   e l e c t r o n s  

i n   t h e   e n e r g y   i n t e r v a l   1 5 0  KeV - 1 MeV and t h e   p r o t o n   i n t e r v a l  

4 

. .  i s  3 MeV - 20 MeV,and i n   t h e s e   r a n g e s  an unambiguous  separat ion of . .  
electron: ;   and  protons is poss ib l e .   F igu re  5 a l s o  l i s t s  XIie l a r g e  b 

number of r a t e s   a n d   s e c t o r e d   r a t e s   t h a t  are m o n i t o r e d   f o r   t h i s   d e t e c t o r .  

S topp ing   a lphas  i n  the  Sl d e t e c t o r  w i l l  have a unique   response  from 

1 MeV - 3 MeV/nucleon   for   so la r   a lpha   events .  

Cons ide rab le   p recau t ions   have   been   t aken  t o  m i n i m i z e   t h e   e f f e c t s  

of r a d i a t i o n  damage i n  a l l  t he   t e l e scopes .  The  primary  concern i s  

f o r   t h e   t r a p p e d   r a d i a t i o n   b e l t s   a b o u t   J u p i t e r .   T h e r e  i s  no r e l i n b l a  

I 
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p r e d i c t i o n  of p ro ton   f l uxes  and LGW c n c r g y   e l e c t r o n s  (< 1 MeV) i n  

the  Jovian  r ragnetosphers ,  T h i s  e x p e r i m e n t   c a n   t o l e r a t e   t h e  h igh  

energy   e lec t rons   in fer red   f rom  rad io   da ta ,   however ,   the   p ro ton   and  

lower e n e r g y   e l e c t r o n   f l u x e s   c o u l d  be l a r g e   e n o u g h   t o   s e r i o u s l y  

damage many solid s t a t e   d e t e c t o r s .  The d e t e c t o r s  i n  t h i s   e x i x r i -  

ment tire, i n  all c a s e s   f u l l y   d e p l e t e d   d e v i c e s   h a v i n g   a v e r a g e  

e l e c t r i c   f i e l d   s t r e n g t h s   i n   t h e   r a n g e  150 vol t s /mm  to  200 v o l t s / x a .  1 
! 

c o n t a s t  w i l l  b e   i r r a d i a t e d   p r i m a r i l y .  ; 

The c h a r g e   s e n s i t i v e   p r e a m p l i f i e r s ,   s h a p i n g  amplifiers, the 

outpu:: data syatcm and the power suy,plics a m  conntructcd prinarLEy 

of small qr m i n i a t u r e  cm,ponents so ldered   to   "daughter"   boards   which  i I 

are t h e n   s o l d e r e d   t o  a I 'mother"   board  which  provides   the  inter-  . I  

connect .  The l i n e a r   g a t e s ,   t h r e s h o l d   d i s c r i m i n a t o r s ,   p u l s e   h e i g h t  

i 
1: 

! 
, 

! 

, a  

e 

I 

-&/ 

a n a l y z e r s ,   i n t e g r a l   a n a l y z e r s   a n d   p r i o r i t y  -- and   con t ro l   ma t r i ces  are 

c o n s t m c t e d  by s o l d e r i n g   d u a l   t r a n s i s t o r s  a n d   d i o d e s   i n   d i s c r e t e ,  

m i n i a t u r e   c e r a m i c , o r   g l a s s   p a c k a g e s   t o   h y b r i d ,   t h i c k   f i l m   s u b s t r a t e s .  ' ' 
The ex tens ive   da t a   sys t em i s  c o n s t r u c t e d   p r i m a r i l y  of P channel ,  ' 

i 

i 
t, 

enhancement mode MOSFZTS us ing   bo th  medium scale i n t e g r a t i o n  (MSI) 

and' l a r g e   s c a l e   i n t e g r a t i o n  (LSI) .  Much o f   t h e   i n t e r f a c i n g   c i r c u i t r y  

is done w i t h  T L i n t e g r a t e d  c i rcu i t s ,  There are more  than'40,OOO 2 

.. . 
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- I  ! I. INTRODUCTION 

.The   proposed   P ioneer  F and G m i s s i o n   o f f e r s  a un ique   oppor tu- '  

' n i t y   t o   s t u d y   t h e   e x t e n d e d   r e g i o n s  of t h e   i n t e r p l a n e t a r y  m e d i m .  

F u r t h e r m o r e   t h e   p o s s i b i l i t y  of  a p p r o a c h i n g   i n t e r s t e l l a r   e i e c t r o -  

. .  . 
magnet ic   condi t ions   mus t  be contemplated and., r e g a r d e d   w i t h   g r e a t  

. .  

., i n t e r e s t .   T h e s e   p o i n t s ,   c o u p l e d   w i t h   t h e   o p p o r t u n i t y   t o  s t u d y  t h e  

I 

J o v i a n   e n v i r o n m e n t ,   c a l l   f o r  a carefu!.l,ir coo rd ina ted  set  o f   s t u d i e s  1 
i 

i n  e a c h   s c i e n t i f i c   d i s c i p l i n e .   I n   t h e  f i e l d  o f   e n e r g e t i c   p a r t i c l e s  ! 

we h a v e   t r i e d   t o   d e s i g n   a n   i n s t r u m e n t   t h a t  w i l l  p rov ide   t he  maximum I 

p o s s i b l e   d i a g p o s t i c  power t o   e x a m i n e   t h z   c o m p l e x   f i e i d - p a r t i c l e   i n -  a - .-. 

t e r a c t i o n s   - o c c u r r i n g   i n   t t l e   i n t e r p l a n e t . i r y   e n v i r o m e n t  as well  as 

the Jovian  magnetosphere.  ! 

. 
. . *  

. . .  

To  ac-ompl ish   th i s  we propose a coord ina ted  s e t  of,  two s o l i d  

s t a t e   d e t e c t o r   t e l e s c o p e s   t o   s t u d y   c h a r g e d  par t ic les .  The te,le- - .. . .  . 
. .  , .  . . ,  * .  . .  

scopes  a r e  des igna ted   a s :  

I a. t h e   h i g h   e n e r g y   t e l e s c o p e  (H.E,T.), 

b. two low  energy  dE/dx vs.  E t e l e s c o p e s  (L,E.T, $ 

\ 

I and L.E.T. 11). 

C h a r g e d   p a r t i c l e   s p e c t r a   a n d   a n g u l a r   d i s t r i b u t i o n s  w i l l  be  

measured   over   an   ex tended   energy   in te rva l .  These- i n t e r v a l s   a r e  

br ie f ly  listed below, and a re  shown g r a p h i c a l l y   i n   F i g u r e  1-1. 

\ . ' .  * . .  . .  

. .  
. .  

. .  
' .  

, .  - .  
.. 9 . 

\ 

a .  

. .  
. . .  - .  

, .  . 
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Particle Conlponcnt Enemy RnnTc . , .  . , 

. -  - i . ' , ,  Galac t i c   cosmic   r ay   p ro tons  4.5 - 800 bICV 

S o l a r  p r o t o n s  

. ' !  . 

.OS - 800 MeV 1 :. : 
' , ' J  .*. .. 

t 
4.5 - 600 XeV/nuclcon I Galactic cosmic  ray Hel ium 

Solar   Hel ium :.O - 600 MeV/nucleon 

4 .5  - 50 MeV /nucleon He3/He4 D / H  

G a l a c t i c  and S o l a r   E l e c t r o n s  
. . -  

.056' - 5.0 MeV 

Li, Be, B ,  C ,  N ,  0 ,  F,  Ne and 
t h e i r   i s o t . o p i c   c o m p o s i t i o n  

- Energy  Ranges f o r  Angular D i s t r i b u t i o n  S tud ie s  

.05 - 120 ~ c V  
, .. . 

Hydrogen 

4.5 Helium - 

E l e c t r o n s  

. i 
The  above  measurements   extend  the  work  of   the  pr incipal   invest i . :  

i '3 

r I : ' I C  * .' 

g a t o r s  on   prevcgus   P ioneer   vehic les   as  wt.11 . a 3  numerous  s tudies   on . .- . -  
t 

'IMPS and OGOs. It is a n t i c i p a t e d   t h a t   e a c h   i n v e s t i g a t o r  w i l l  b r i n g  

t o  b e a r   h i s   f u l l   e x p e r i e n c e  on p r e v i o u s   s p a c e c r a f t   i m h i s   a r e a  of 

competence. The c o l l a b o r a t i v e   e f f o r t   a l r e a d y   u n d e r t a k e n   t o   d e s i g n  . .  
. .  .. 

' '  '- t hese   t e l e scope   sys t ems   and   p repa re   t h i s   p roposa l  w i l l  be   extended ':, 

t o  t h e   p r e p a r a t i o n   a n d   t e s t i n g  of t h e   i n s t r u m e n t s   a n d   t h e   a n a l y s i s  of 

. . . . .. . . , .. . . .. 
x. 7 

of t h e   d a t a ,   T h e   o p e r a t i o n a l  modes of each of t h e   t e l e s c o p e s   a r e  as 
. .  

' follows: . 
k 



. .  

High  Encrgy  Tclcscopc: Thc liGT c o n s i s t s  o f  a mult i -e lcrncnt  

. . array of s o l i d  s t a t e  detect;ors. For  p a r t i c l c s  which c o n e   t o   r e s t  a ! .  , , , , . .- i :~. j , 2  , Y  . . .  . 
. 1  LL., -, 

. , . w i t h i n  this stack (20 - 50 PleV/nucleon)  threc  mcnsurcmcnts a r e  made e - ,  -.;I . ,  
I .  

t i  

cne rgy loss  ( d E / d x ) ,  t o t a l  energy,  and rangc'. The  simultaneous  measure- 

men t   o f   t o t a l   ene rgy  and range   provides  a very  powerful  method  for 

' r e j e c t i n g   d e t e c t o r   b a c k g r o u n d ,   w h i c h  i s  a p a r t i c u l a r l y   s i g n i f i c a n t  

. .  , '_. . _ .  
- 
. C . .  . 

. - _ . .  

problem i n   t h i s   e n e r g y   r e g i m e .  The t e l e s c o p e  i s  also d e s i g n e d   t o  

measure  the  energy  and  charge o f  , p a r t i c l e s  which   pene t ra te   comple te ly  - . .  . :- 

t h r o u i h   t h e  s tack o f   s o l i d  s t a t e  dev ices .  ' I n   t h i s  mode t h r e e   s e p a r a t e  

. . - .  .dE/dx  measurements are  made. Charge   r c , so lu t ion   fo r   . pene t r a t ing  : 5 ' .  ...._. , ,.. . _  . _  . . 
. -  . . a. 

plirtichtl w,i.11 ba poss ib l a  up t o  apprax.imAtoiy ,200 EicV/.nu@1con. 
. . . . I. . --. 

Low'Erlergy Telescope  I: The LET, I is  a double  dE/dx VS. E. 

' s o l i d  s t a t e  d e t e c t o r .  Two t h i n  (100 m i c r o n )   s u r f a c e   b a r r i e r  detectc,rs 
a: 

4 
? 

s e r v e   t o   d e f i n e   t h e   g e o m e t r y  and t o   p r c v i d e  a double  dE/d.x measurement. 

' ' .  - .:,::, .: .L...,..A . thick (2.5 mm) . l i t h i u m   d r i f t   d e t e c t o r   p r o v i d e s  a t o t a l   e n e r g y  measure'- :.''...:.:.'> E 
. .  

' . ment. LET I w i l l  cover   the   energy   range   f rom 3 t o  22 MeV/nucleon..   In . ' - i .  
7 a... . 

- -  
t t is  i n t e r v a l   c h a r g e   r e s o l u t i o n   w i l l ' b e   p o s s i b l e   f r o m  Z = 1 t o  8. I n  

- .  - 

a d d i t i o n   a n g u l a r   d i s t r i b u t i o n s   f o r   d i f f e r e n t   c h a r g e   s p e c i e s  and 

e n e r g i e s  w i l l  be   ob ta ined ,  
b 

+.  . '  
.. Low Energy Telescope TI: Two s o l i d   s t a t e   d e t e c t o r s ,   o n e   t h i n   a n d  
-. .. 

I .. 

one   t h i ck ,   a r e .uscd   i nd iv idua l ly   and  in co inc idence  as t o t a l   a b s o r p t i o n  .-'--..--.l 

s p e c t r o m e t e r s ,  A t h i r d   d e t e c t o r  opera t ing  i n  an a n t i c o i n c i d e n c e  mode 

. t A # ~ f ~ i i  ehkti kfi1y cle6@plna pe1+63Uli;ii$ ~ $ 6  RSrfflJi66cJ~ TH6 &RCR CIGPP~€P;$  
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w i l l  respond t o  protons  between 50 ScV and 3 XcV and e l e c t r o n s  , , 

bctwcen 50 and I5b KeV.  The t h i c k   d e t e c t o r  w i l l  be s e n s i t i v e   t o  

protons  between 3 and 20 MeV and  e lec t rons   be tween 150 KeV and 1 

MeV, and i n  t h e s e   l a t t e r   c n c r g y   i n t e r v a l s   a n   u n a m b i g u o u s   s e p a r a t i o n  

of p ro tons   and   e l ec t rons  w i l l  be p o s s i b l e ,  T h i s  t e l e s c o p e  is i n -  . 

tended t o  be p r i m a r i l y  a monitor of  s o l a r  p a r t i c l e  fluxc:;. ' 

. .  

We h a v e   d e v e l o p e d   t h e s e   t e l e s c o p e   s y s t e a ' s   s p e c i f i c a l l y   f o r  

a miss ion  such as Pioneer  F and G w1,ere a r e l i a b l e   o p e r a t i o n  ovcx 

a per iod  of  s e v e r a l   y e a r s  i s  r e q u i r e d .   I n   p a r t i c u l a r   t h e   h i g h  

ene rgy   t e l e scope  is  s e l f - c a l i b r a t i t l { ; .  We r e f e r   t h e  reader to 

sec t io l z  XI1 f o r  a more d e t a i l e d   d e s c r i p t i o n  of t h e   i n s t r u m e n t .  
' .  

" 8 .  

v . ,  
. .  

. .  . '  

. .  

. .  

, . ! 

! 
1 

"/ . . *  
. 

. .  
. .  . . .. 

. . -  - . . .. . . .  , , . ' . I  ' 
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i 
. .  T h i s  instrul:;cnk is  dcs ig i l cd  t o  c:;ploiL t o  the . f u l l e s t   p r a c t i c z l -  

? dC,r,rec thc propoacd  orbit. o f  PFoncc r  F and C. Tire s i g n i f i c a n c c  Of: 

? 

these nicasurcnicnts r q i l l  bi: g r e a t l y  enhanced by concurrdnt   measurcmcnts  

w i t h  s i m i l a r   p a r t i c l e   t e l e s c o p e s   s c h e d u l e d   f o r   f l i g h t s   o n   s a t e l l i t e s .  

,of the IMP o r   s i m i l a r   s c r i e s   i n   n e a r - e a r t h   o r b i t s .  

i 
. ... . * /  

. _  

T h e   p r i n c i p a l   s c i e n t i f i c   o b j e c t i v e s  of . th i s   exper iment  are: 
. -  

. . -  . , 
'. - . I  * - . . 1. T o  measure  the f low p a t t e r n s  of e n e r g e t i c   s o l a r   a n d   g a l a c t i c :  

i 

i o  p a r t i c l e s   s e p a r a t e l y   i n   t h e   i n t e r p l a n e t z r y   f i e l d .  To i n t e r p r e t   t h i s  

rneasurcmcnr ,   s imul taneous   de te rmina t ion   of   the   energy   spec t rum,   rad ia l  

g r a d i e n t ,   z n g u l a r   d i s t r i b u t i o n , '  and streaming parame'ters i s  r e q u i r e d  

for   each   nuz1ea . r   spec ies  and o v e r  as wic'e  an  energy  range as is  

practicable , 

i 

, .  - .. - .  . 

? 
2. Tc. measure   the   energy   spec t ra ,  and i s o t o p i c   c o m p o s i t i o n  of 

.. . ...' . , g a l a c t i c  and s o l a r   c o s m i c   r a y s   f r o m   t h e   l o w e s t   p r a c t i c a l   e n e r g i e s  u p  .--.:..... .r.L-' 
, .  

. .  - : t o  d 8 0 0  )fcV/nucleon  and  (by u s e  of o b j e c t i v e  1) t o   ' u n f o l d  t he  primary: '  .le.': 1 ! ' :  
. . I  

.. 

' f l a i e  and i n t e r s t e l l a r   s p e c t r u m .  _ &  

s . 
' 3. To measure  the time v a r i a t i o n s  of t h e   d i f f e r e n t i a i   e n e r g y  

s p e c t r a  o f  e l ec t rons ,   hydrogen   and   he l ium  nuc le i   ove r   t he   co r re spond-  
s 

i n g   e n e r g y   i n t e r v a l s .   D u r i n g   f l a r e   e v e n t s ,   t o   o b t a i n  time h i s t o r i e s ;  . . . --. . 
.. . . . - - - . . d u r i n g   q u i e t  times, t o  r e l a t e  g r o s s  time v a r i a t i . o n s   t o   t h o s e   n e a r  - - - - -  .. ':. --: --- 

. , e a r t h   t h u s   d e d u c i n g  a s p a t l a l   g r a d i e n t   f o r   g a l a c t i c   c o s m i c   r a y s .  . .  -. . 

4. 20 s t u d y  the e n e r g y   s p e c t r a ,  time v a r i a t i o n s   a n d  s p a t i a l  

g r a d i e n t s   a s s o c i a t e d   w i t h   r e c u r r e n t   a n d   n o n - f l a r e   a s s o c i a t e d   i n t e r -  

p ro ton  2nd h e l i u m   s t r e a m s   a n d   t o ' d e f i n e   t h e   r e l a t e d  solar 
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1 
. I  

! su r round ing  J u p i t e r .  ' * .  

6,  T o ,  t r y  and d e t e r m i n e   t h e   c x t c d   o f   t h e   s o l a r   c a v i t y ,   t h e  

e n e r g e t i c   p a r t i c l e  phenomena o c c u r r i n g   a t   t h i s ' i n t e r f a c e   a n d   t h e  

cosmic ray d e n s i t y   i n   n e a r b y   i n t e r s t e l l a r   s p a c e .  
. . _.-. 

We sha1.1 now c o n s i d e r   t h e s e   s c i e n t i f i c   o b j e c t i v e s   i n  more d e t a i l  

and  examine how they  w i l l  be   achieved by the  proposed  experiment  

sys tem. 

. .. OBJECTIVE: . . . .. .. 1 : . .  . . . ._ -- - -  . 

! I 

To rr:casurc t h e  f lovr  p a t t e r n s  o f  c r c r g e t i c   s o l a r  and g a l a c t i c  
part f c l c s  s c p a r c ? t c i y  in the  Lnrcr :  lanc.tarl: f i e l d .  
-I- _-- 

The t e l e s c o p e s  art? des igned  with a p p r o p r i a t e   d i r e c t i o n a l  re-  

sponse  t c  d e f i n e   t h e   q u i e t  time f low p a t t e r n  of ga l ac t i c   ' ( and   p robab ly  

s o l a r )   c c s m i c   r a y s   b o t h   i n  and out   o f  t h e  e c l i p t i c   p l a n e .  ,. . . -  .. - . -. . . .  

Quiet-time: A t  h i g h   e n e r g i e s ,   t h e   g a l a c t i c - p a r t i c l e   s t r e a m i n g  ,is 

e x p e c t e d   t o  be  n e g l i g i b l e .  A t  medium e n e r g i e s ,   t h e   d e t a i l e d   a n g u l a r  

r e s o l u t i o n   o b t a i n a b l e  by s e c t o r i n g   t h e   h i g h   e n e r g y   t e l e s c o p e  w i l l  
. * 

.. , . a l low  compar i son   o f   pa r t i c l e   f l ow  pa t t e rns   w i th   t he  . g e n e r a l   f i e l d  - 

ward s t r e a m i n g   q u i e t - t i m e   s o l a r  component a t  ve ry  low energ ies .   The  

.. , . .. 
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. .  * 

i n g   o f f  of t h e   e c l i p t i c   p l a n e  are essc.ltial. The r,ct r e s u l t  vi11 be  

an estimate of t he  cross c i r c u l a t o r y   p a t t e r n  or' cosmic   rays   in  rhe , -  

. .  . .  
s o l a r  system. 

The r a d i a l   g r a d i e n t   m e a s u r e m e n t s  will, be  made by mon i to r ing   t he  
I 

! .  d i f f e r e n t i a l   e n e r g y   s p e c t r a  of p a r r t i c l e   s p c c i e s   t h r o u g h o u t   t h e  flight 

. a  . t r ue  sFnt j -a l  g r a d i e n t  may b e  cierivcd.  However, a d i r e c t   e s t i m a t e   o f  

' J "  . t he  g r a d i e n t s  of t he   s epa ra t e   spe . c i e s  is  avai lable   f rom  the  measure- .  

ments of the   s t reaming  cur ren t   and   the   e i le rgy   spec i rurn  ma'de by t h e  

G e t t i n g   e f f e c t ) .   S i n c e   t h e   s p e c t r u m  w i l l  be  meai;red i n  d e t a i l  and 

merits of the HET,' th.e g r a d i e n t  may b e   e s t i m a t e d   i f   t h e   s t a t i s t i c a l  
I 

p a r a m e t e r s   o f   t h e   m a g n e t i c   f i e i d   a r e   a v a i l a b l e .  . .  Thus  an independent 

I . 
. * r- .  - 



* .  

' '. 

, . ,  
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Cst : i r ,o :c  of the g r a d i e n t  i s  a v a i l a b l e   f r o 3  spectrum, f l o w  and f i e l d  . 

I;icasure:,icnts, ;IS a result: of  tt;c velocity a n i s o r r o p y   s c n s i t i v i t i c s  

of t h e  p a r t i c l e   t e l e s c o p e s .   f h c   a h o v c   c o n s i d c r a t i o n s   a r e   , p a r t i c u l a r l : /  - ; 8 

i m p o r t a n t   f o r   t h e   s e p a r a t i o n  of t h e   s o l a r   a n d   g a l a c t i c   p a r t i c l e  

popu la t ion  a.t low c n e r g i c s  w h e r e  2 cont i r .uous  low  Levcl   f lux of s o l a r  

p a r t i c i c s  may g r e a z l y  modify the f e a t u r e s  of the galactic p a r r l c l t  

g rad ien t   and  s pcc t rum. 

i . .  . . _ _  
:r 
f 
f 

. .. 

t 

,F 
f 

. F  

. *  

. d  . 

' i  
t F l a r e  cvcn*:s-: A fundamen ta l   p rob lem  r e l a t ing   t o   , so l a r  cosmLc r a y s  - . . A "  

' 5.. 

t h a t  of deducing the  f l a r e   p a r t i c l e   s p c c c r u n  2nd c o x p o s i t i o n  - requir5-s  

ex t remely   ell c o r r e l a t e d   w i t h   t h e   l o c a l   d i r e c t i o n   o f   t h e   m a g n e t i c  

f i e l d   a t  1 AU. As  t h e   o r b i t   n e a r s  5 AU t h 6 : r n a g n e t i c   f i e l d   s t r u c t u r e  

may n o t  be  as well de f ined   a s  near e a r t h  ard f l a r e  p a r t i c l e  v e l o c i t y  
! 

of f i e l d   l i n e s   b a c k  t o  the   sun .  [ 
f 

Measurements  over a wide   range   of   energ iks   covered  by t h e   h i g h ,  ' 
,;,. - : . f  

and  low  encirgy t e l e s c o p e s  w i l l  p r o v i d e   t e s t s  of  mode l s   o f   i n t e rp l ane ta ry  i 
p r o p a g a t i o n   u n a v a i l a b l e   w i t h   o n l y   n e a r - e a r t h   o b s e r v a t i o n s .  Time 

E 
c 
f 

h i s t o r i e s   r e c o r d e d  by s i m i l a r   d e t e c t o r s   n e a r   e a r t h  c and e n r o u t e   t o  E 
I 

- J u p i t e r  w i l l  d e f i n e   t h e ' a z i m u t h a l   s p r e a d   o f   f l a r e   p a r t i c l e s   ( o r   t h e  . - . .- .  -. - 

. r a d i a l   v a r i a t - i o n  when t h e   s p a c e c r a f t  are'on p r o x i m a t e   f i e l d   l i n e s ) .  .- . 

3 _. : .  . ,. . 
, ,  '.. 

' ' _  

. .  , 

. t!! a 
I . b k  I 
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. .  

. . .  

i n t c r v a  I s .  

S i n c e   t h e   : p a r t i c l e   t e l e s c o p e s  wi1:. cover  two t o  thrcc decades S.n . .  _ .  

e n e r g y   f o r   h y d r o g e n   a n d   h e l i u n   n u c l e i  (and a l s o  e l e c t r o n s ) ,  de-  

modula t ion   of   so la r   induced   changes  w i i . 1  y i e l d  e x t e n s i v e   i n t e r s  t c l l a r  

. .. ~ - 

s p e c t r a   f o r   t h e s e   p a r t i c l e s .  Of c o u r s 1 ,   i f   t h e   m o d u l a t i o n  r L ; i o i i  

t e r m i n a t e s   w i t h i n   t h e   J o v i a n   o r b i t  (as d o ,   f o r   i n s t a n c e ,  some comet- - .. ... .*.- 

t a i l  i n t e r a c t i o n s ) ,   t h e n   t h e   h i g h   c h a r ; c   a n d   s p e c t r a l  . *  r e s o l u t i o n  of 

the dc tec , to r   sys t em is capab le  of  d i r e c t l y   o b t a i n i n g   d e t a i l e d   i n t e r -  

. s t e l l a r   s p e c t r a .  

Modtilation theories  can be critically exnnincd by, conparing t h e  

s p a t i a l   d e p e n d e n c e  and time v a r i a t i o n s  of s p e c t r a  of p a r t i c l e s   w i t h  

. d i f f e r e n t   c h a r g e   t o  mass r a t i o s   s u c h  a s  p r o t o n s / e l e c t r o n s ,   p r o t o n s  f : s  ::: :.::.,: :c' 
a l p h a s ,  and the  Hc3/He w i t h  s o l a r  wind velocity and   magne t i c   f i e ld  .; ...:-.: L V  4 

measurements. 

* .  

4 , .  

-- 

However, c u r r e n t   i d e a s  on  modulat ion  which  descr ibe it i n  term.; 

of a s t a t i s t , i c a l   i n t e r a c t i o n   w i t h  a spec t rum of m a g n e t i c   i r r e g u l a r i t i e s  . . , 

.may be incomple t e   by   no t   i nc lud ing   t he   e f f ec t s  #oh energy l o s s  a s   h a s  

. been   suggcs   t ed   by   r ecen t   t heo re t i ca l  and experimental   work  (Vebber,--; .-  .,: .. '---. 
. .  . .  .. 

1968; Roelof ,   1969) .  I f  t h i s  is so ,  the  measurement of  the   energy  7 

spectrum over  a l a r g e '   r a n g e  of e n e r g i e s  .but p a r t i c u l a r l y  a t  low 
* .  

. .  

. . .  .. .. . . ... 
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* .  
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4 - 10- 
c n c r g i c s ,   ( i n c l l d i n G  cicctrons) w i l l  b c  i n v a l u a b l e   i n   s e p a r a t i n z  . . 

, .  
. energy loss  p roccsses   f rom’s i r zp lc   d i f fus ion   p roccsscs .  T1li.s “ l o c 8 1 ” .  - I . . , .  . ’  

6 energy loss may mask the ionization energy loss o c c u r r i n s  i n  i n r c r -  ’ - .  . I .  

predon ina te  a t  low e n e r g i e s ,   w h i l e   i n   t h c   f o r m e r   i n t e r a c t i o n s   a r e  . -  . 

w i t h  thc  i n t c r p l a n c t a r y   e l e c t r o n a g z e t i c   f i e l d   ( w h i c h   c u r r e n t  thcory 

p r e d i c t s   v a r y   o n l y  a s  Z) .  Thus t h e  v a r i a t i o n   w i t h  di.s tance  f rom 

I .  

. -  . . - C -  - - 

t h e   s u n  of  the lower end of the   ene rgy   spec t r a   o f  d i f f c r c n t  e lements  

. may be t h e   d e f i n i t e  tes t  of the  magnitude of the loca l   nodu laL ion .  

s t e l l a r   s p e c t r a   c o n t a i n   t h e   i n t e r s t e l l a r   p r o p a g a t i o n  .. h i s t o r y   a n d   s o u r c e  
i 

. ,  s p e c t r a  of g a l a c t i c   c o s m i c   r a y s .  The d e r i v e d   i n t e r s t e l l a r   c h a r g e   a n d  

i s o t o p i c   c o n p o s i t i o n  and   en&rgy  spec t ra  -:,ill be a s t r i n g e n t   t e s t  of 

t heo r i e s   o f   cosmic   r ay   o r ig in .  ! 

OBJECTIVE 4 :  1, 

. .  

To s tudy  t h e  e n c r : u D c c t r a ,   t i n e   v a r i a t i o n s  and  s p a t i n ?  R: rad icr . i s  . 

a s s o c i a t e d  vi. t i1 recurrent and r , o x - f l n r e  a s s o c i a f c d  i n t c r p i a n c t a r v  , , _.  ,., ’ 
p r o t o n  and he1 iun si:;:cnns, a n d  t o  ticCine--the re ia teci  s o i a r  or 
i n t c r p l a n c t n r s   ~ c c I . e i : a  t i o n  p rocesses .  

* .  
* .... . < - ..- . 

I 

The low ene rgy   t e l e scope  will b e   p a r t i c u l a r l y  u s e f u l  i n   m o n i t o r - .  
- 

Lng and  examining t he  a n i s o t r o p i e s   a s s o c i a t e d   w i t h   t h e   . w i d e   v a r i e t y   o f  . ’ . * ’  

n o n - f l a r e   a s s o c i a t e d  low energy   pro ton ,   he l ium a h  e l e c t r o n   e v e n t s  a t  

p o s i t i o n s  away-.from e a r t h :   T h e s e   i n c l u d e   e n e r g e t i c   s t o r m   p a r t i c l c  *‘ 

events   (Bryant  e t  a l ,  1962;  Rao e t  a l ,  1967,)-; r e c u r r e n t  and   long   l ived  

p a r t i c l e  streams (Bryant e t  a l ,  1965), and a c t i v e   c e n t e r   a s s o c i a t e d  

. -  . I .  

. .  
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. .  
. -  

. .  . .  

f o r   c o n t i n u o u s  . acce le ra t ion  proccsscs  on t h e  s u n  or i n   i n t e r p l a n e t a r ! ,  

, . ,  
space which may be s i m i l a r  t o  s m a l l - s c a l c   i l a r e   a c c e l e r a t i o n  o r  could  I 

I 

be an   cn t i r e1 .y   d i - f f c rcn t  proccss a Only w i t h   s p a c e c r a f t   b o t h   n e a r  ' .  I 

e a r t h  and i n   i n t e r p l a n e t a r y   s p a c e   c a n   s p a t i a ?   a n d .   t e m p o r a l   v a r i a t i o n s  

bc  s e p a r a t e d  so t h a t   t h c  wvolutori of t h s s a   e v e n t s  can bc f o l ~ o c r c d  

t h r o g h o u t   t h e i r   l i f e t i m e s  (w:',ich  may b e  s e v c - r a l   s o l a r   r e v o l u t i o n s ) .  

axis a l ignment ,  and the l o o k   a n g l e   d i r e c t i o n s  of t h e   d e t e c t o r s  arc? i d e a  1 

i n   t e r m s - o f   s t u d y i n g   t h e   J c l v i a n   r a d i < : t i o n . b c l t s   w i t h   t h i s  set  o f  

d e t e c t o r s .   J u p i t e r   o f f e r s  the un ique   oppor tun i ty   i n   t . ha t  it h a s   t h e  

only o t h e r  knorJn p l ane ta ry   rnngne tosp ' l e r e   i n   ou r   so l a r   sys t em.   In  a 

! s e n s e  i t  o f f e r s   t h e   o p p o r t u n i t y  f o r  ,I "second  point   on  the  curve; ' :  a '  

c h a n c e   t o   s t u d y   t h e   g e n e r a t i o n ,   a c c e l e r a t i o n  and loss o f   p a r t i c l e g  i n  

a 'magnctosphere   wi th   d i f fe ren t   boundary   condi t ions   f rom  tha t  of  t h e  

1 .. 
* .  ' .  

--  

e a r t h .   E s t i m a t e s   f o r   t h e   b o u n d a r y  of the  Jovian  magnetosphere on the  

Sun s ide   r ange   a round  40 J u p i t e r   r a d i i  (RJ) .  It is p robab ly   no t   un - -  

r easonab le   t o   expec t   t ha t   t he   Jov ian   magne tosphe re  a l s o  p o s s e s s e s   a n  ' 

e x t e n d e d   t a i l .  
, .  -. .c 

* .,. 

We e x p e c t   t h a t   t h i s   e x p e r i m e n t   c a n   p r y v i d e  a v a r i e t y  of r a p i d  

p ro ton   and   e l ec t ron   f l ux   measu remen t s ,   t oge the r   w i th   p i t ch   ang le  d i s -  

t r i b u t i o n s  and r ap id  8 c h a n n e l   s p e c t r a   i n   t h e  low and medium enerzy  
y .  . ,  
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cou ld   no t   be  s u p p l i e d  by a t y p i c a l   t r a p p c d   r a d i a t i o n   d e t e c t o r   s i z e d .   € o r  ' ,  

LI. 3 liJ pass ,  bccausc  of t h e  detector g c ~ m c t r i c ' a l  f a c t o r  which is s c v ' c r a l  . ' ' , ' 

! 
orders of tr iagnitudc  smaller.   The low e n e r g y   t e l e s c o p e   d e t e c t o r   s y s t c m  t 

can h a n d l e   p c n e t r a t i n g  f luxes  approach:ing 5 x 1,05* part ic lcs /c i i i*-sec- . . .  I *  

OBJECT LVE 6 : 

' ' e x t e n t  of t h e  s o l a r  plasma,' a n d  a u s e f t i l   o n e   s i n c e  t h e  e x t e n t  i s  p re -  

6 C n t l y   u r c e r t a i n   w i t h i n   ( a t   l e a s t )   , a n   o r d e r  of  magnitude. By c a r e f u l  

, '  ana lys i s   o f   t he   ene rgy   spec t rum f low pnttern and g rad ien t ;   . t h roughou t  

. ' t he   € l igh f ' ,   such  a t e rmina t ion  may be   2e t ec t ed  i f  i t  is < 10 AU from 
! 

the sun .  
a i , ., . '. 

CORREUTED PEASUREMEhTS : 

t e m p o r a l   s t r u c t u r e  of s o l a r  a n d   i n t e r p l a n e t a r y  events  can  only.  be : 

deduced  from  cont inuous  monitors  a t  a v a r i e t y  of r a d i a l  and  azimuthal  - . ' . ' '  -.' 

l o c ' a t i o n s .   G o - r o t a t i n g .   p a r t i c l e  streams, in t e rp l ine t a ry   p l a sma   shocks  

and Forbush   decreases  are obv ious   examples   i n   add i t ion   t o   cus  tornary ' ' * . - ' 

f l a r e   e v e n t s , '   Q u i e t - t i m e   f l u x e s   m e a s u r e d  ox the   ou t t ra rd   journey   cannot  

, .  

c 

-. ._ . .. . . * .  . .  - - .. . 

/ 

a .  be i n t e r p r e t e d   i n  terms of a g a l a c t i c   g r a d i e n t   u n l e s s  a sound  "base- l ine"  ,,/' ' 

f o r   t h e ,   s o l a r   c y c l e - d e p e n d e n t  '4 , t i m e   v a r i a t i o n  of f l u x e s   c a n   b e   d e r i v c d  

. .  

. 
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f rom  coapa rab lc   de t ec to r s  i n  near -earLh o r b i t s ,  Fori tunatcly slrcll 

d e t e c t o r s   a r e   s c h e d u l e d  f o r  a concurrcn ' :   per iod on I W  11, J and X ,  

C o r r e l a t i o n  with on-board n a g n c t o a c t c r  a n d  p1 : t s~J  m?2surc=cn ts .  

The s t r o n g   c o l l i m a t i o n   o f  s o i a r  p a r t i c l e  f l o v  , a l o n g   m a g n e t i c   f i e l d   l i n e s  

d u r i n g   a l l   b u t   t h c   l a t e  phases of s o l a r   f l a r e  Zvcnts. i s  wcll cstxhl i shed 

n e a r  1 AU. However, a t  5 AU t h e   f i e l d  ',xay b e   q u i t e   t a n g l e d   d u e  t o  ihe . -  ' 

"crinding'u?"  of  the  Archimedean s p i r a l  f i e l d ;  i t  would make a n   a v e r a g e  

angle of  n.80 w i t h   t h e   s o l a r  r a d i u s  v e c t o r .  If t h e   f i e l d  a;: Lii is  0 

.. . d i s t a n c e  i s  more d i s o r d e r e d   t h a n   a t   e a r t h ,   t h e   r e v e r s e   s i t u a t i o n   t o  

t h a t  at t t e  e a r t h  may h o l d ;   a n g u l a r   f l a r e   p a r t i c l e   d i s t r i b u t i o n s  may ' '  ' 

a i d   i n t e r F r e t a t i o n   o f   c o m p l i c a t e d   m a g n e t i c   f i e l d   m e a s u r e m e n t s .   T h e  

need f o r   a s s o c i a t e d  - .  magne t ' i c   f i e ld   measu remen t s   i n   i n t e rp l ane ta ry  shacks 

and .Forbush decreases is se l f - ev iden t .  Recent theoret ical  work (Glccson, 

1969; Roelof ,  1969)  has  shown t h a r   t h e   a v e r a g e   m a g n e t i c   f i c i d   d i r e c t i o n  / 

.* 
. * -  .. _. . . - . - - - - 

5 

_ .  . governs t h e  f l o w   o f   g u i e t - t i n e   p a r t i c l e s , '  s o  s i m u l t a n e o u s   p a r t i c l e -  I _ . . . . - -  

, ,  ' 't ., 
f i e l d   o b s e r v a t i o n s  a r e  r equ i r ed .  . .  

I _ -  . .  
. .  

. .  

-. 
L. 
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A se t  of 3,solid s t a t e   d e t e c t o r ' t e l e s c o p c s  i s  proposed t o  i 
I 
i 
i 
i 
! 

n c c o n p l i s h   t h e ,   s c i c n t i f i c   o b j c c t i v c s  l i s t c d  abovc.  W e  s h a l l  not7 

d i s c u s s   t h e s e   t e l e s c o p e s   i n  some d e t a i l  and how t h e  measurements   are  

coord ina ted   t o   p rov ide  a comprehensive and redundant  sei of  cosmic' I 

ray mcnsurcments. Thc redundance of the s c p a r ~ t e  sets o f  ricasurcaents 

as well a s   t h e   s e l f - c a l i b r a t i o n   a r e   i n p o r t l t n t .  f c a t v r e s  of thc  s y s t e n  

we a re   p ropos ing .  i t  i s  a t o t a l   n e c e s s i t y   i n   v i e w  of  the  prolonged 

i 
~ 

.. . . 

, n a t u r e  of t he   P ionee r  F and G mi s s ions  and t h e   c o n t r o v e r s y   t h a t  

c u r r e n t l y   e x i s t s   o v e r   t h e   i n t e r p r e t a t i o n  0;' g f z d i e n t  and a n i s o t r o p y  

measurements made i n   t h e  0.7 - 1.5 Al! i n t e r v a l .  . :. ' * '  

The h igh   energy   ' t e lescope .  i s  a t h r e e  (.l'cnenC s r ray  ( f i g u r e  111-l}. 

Two of these  . . lements  are  s i n g l e   l i t h i u m  d::lft: d e t e c t o r s ,  300 ~ . m  I 2 

area and 2.5 r m  t h i c k .  The th i rd   e l emen t  .is a s t a c k e d   a r r a n g e m n t  

of f i v e  850 m , 2.5 ran t h i c k   l i t h i u m   d r i f t   d e t e c t o r s .   T h i s . t e l e s c o p e  2 . .  
- .,. L J -  
. . . . . . I 

h a s  two b a s i c  modes of o p e r a t i o n  - p e n e t r a t i n g  and s t o p p i n g   p a r t i c l e  / 

f o r   h e l i u m  and  hydrogen  from 50 - 800 XeV/nucleon. The s topp ing  
I - _  

:, . 

p i r t i c l e   n o d e   c o v e r s   t h e   r a n g e   f r o m  22 -. 50 HeV.. e. We w i l l  cons ide r   each  of  ' 

. these modes s e p a r a t e l y .  -L * .* 
... .. 

High Energy Mode: / 
The  primary mode o f   ope ra t ion  i s  t r i g g e r e d  by a p a r t i c l e   t r a v e r s i n g  

. .  ' .  
, .  

t.? , .  
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A ,  R nnd t hc  conlplcte C element as i c i c n t i f i c d  by A X j  c o i n c i d c n c s .  i 
* : i  

t 

t The q u i e t   t i m e   d i s t r i b u t i o n  of g a l a c t i c   c o s m i c   r a y s  i s  s u c h   t h a t  a i ' 

p o s i t i o n  of t h i s  peak i n   b o t h   t h e   p r o t o n  aad a ipha  p a r t i c l e   r e g i o n  , < ,  p ' +  

p r c v i d c s  a s e l f - c a l i b r a t i o n   f e a t u r e   w h i c h  ~110;:s f o r  t h e   d e t e c t i o n  

and c o r r e c t i o n   e i t h e r   i n   t h e   d e t e c t o r  o r  a s s o c i a t c d  c l e c t r o n i c s .  

! 

1 

. .. * .  

T h i s   d e t e c t o r   c a n  cezsu re  t h e   q u i e t  tiac f l u x   o f   g a l a c t i c   c o s m i c  

r a y   p r o t o n s   i n t h e   r e g i o n  20 - 800 >IcV. The a b i l i t y  t o  perform  such a 

measurement has  been amply demonstrated by t h e   a n a l y s i s  of the  August 

1961   qu ie t   t ime   da t a   f rom  Exp lo re r  XII. S i n c e   t h e   r e l a t i v e   c a l i b r a t i o n  

t h r o u g h o u t   t t c   f l i g h t   c a n   b e   d e t c r i n i n e d   w i t h i n  4%, i t  i s  f e l t   t h a t  

t h e   f l u x   c h a r . g e s   g r e a t e r   t h a n  3% c a n   b e   d e t e c t e d   i n   t h e  20 - 400 X e V .  

. "  . .  

. .  

. *  
. . . . . I . 

r e g i o n .   I n  the i n t e r v a l  400 - 800 P k V '  l o n s   t e r m   f l u x   c h a n g e s   g r e a t e r  

t han  5% can kt:  measured. The d e t e c t o r  system proposed   here  has a 

f a c t o r   o f . - 1 . 6   i m p r o v e m e n t   i n   r e s o l u t i o n  o v e r  t h a t   o f  t h e  Exp lo re r  XI1 

. . d e t e c t   i n   . o u r  OGO V ( d E / d ~ ) ~   t e l e s c o p e ) .   Y h i s  w i l l  p rov ide   i n fo rma t ion  : .  . .  
...- , 

, .  

on . t h e   r e l a t i v e   f l u x  of a l p h a   p a r t i c l e s   i n c h e   r i a i o n  20 - 800 MeV/nucleon. 

.-In t he   eae rgy   r ange  20 - 120  MeV/nuclcon i t  i s  p o s s i b l e  to i d e n t i f y  

t h e   d i r e c t i o n   t h e   p a r t i c l e   t r a v e r s e s   t h e   t e l e s c o p e .   T h i s   m a k e s  i.t pos- 

s i b l c  t o   m e a s u r e   a n g u l a r   d i s t r i b u t i o n s   o v e r   t h i s   i n t e r v a l .  An a c c u r a t e  

. .  
' 

? '  

(:'.::! i n t e r g r a l   : f l u x  of both  hydrogen  and  helium  above"800  MeV/nucleon i s  al%o 
J p '  

d c t e m i n e d .   D i f f e r e n t i a l   s p e c t r a  w i l l  be  measured  between 120 and / 

\ 
\ 

,," I 



S t o p p i n g   P a r t i c l e  Xocle: 
I .  

S t o p p i n g   p a r t i c l e s   a r e   i d e n t i f i e d  ;>y  t h e  coincidence  requiremcnl:  

i 
i 

A B q .  This   cove r s  K and He f r o n  20 - 51) IleV/nucleon 'and e l e c t r o n s  

from 1 - 5 blcV. The A and B d e t e c t o r s   t i c f i n e   t h e   p a r t i c l e   a c c e p t a n c c :  

cone   wh i l e   t he   s t acked   a r r ay ,  C ,  measu res   . bo th   t he   r e s idua l   ene rgy  arA 

t h e   r a n g e .  

I 
9 1  

? 

A l l  e l e m e n t s   i n  the t e l e s c o p e  are pl.1s.e he ight   ana lyzed .   There  
c. f . '_  

' . a re   fou r   measu remen t s   fo r   each   even t  , 2 dE/dx ,   res idua l   energy   and:  range;,:.:'. 
- * . .  

. I : .. . 

?,,. 

I, I 
I 

."  and  p ' rov ide   d i scr imina t ion   aga ins t   unwanted   spur ious   events .  We b c l i w e  . 
: c '  
c .  t h a t   t h i s  improvement i n   r e s o l u t i o n  may be s u f f i c i e n t   t o  a l low u s  t o  - :- . _  

5:- J 

-gi ,.' . 
,, ' ._ 
I\ r e s o l v e   t h e   i s o t o p e s   o f  H and He.( We, f u r t h e r ,   b e l i e v e   t h a t   t h i s  - 
. .  
i. . 

u >'- 
combinatiqn  of  dE/dx, E; and r a n g e   t o t a l l y   e 1 i m i n a t e . s   t h e   n e e d   f o r  a T ! ,r; 

. .. . . - _  --. 

where   the   an t i -co inc idence   requi rement  i s  r e l axed  on a l t e r n a t e   r e a d o u t s .  

' W i t h   t h e   a n t i c o i n c i d e n c e   r e l a x e d   a d e q u a t e   r e s o l u t i o n  i s  o b t a i n e d   i n   t h e  

. .  

. . . . .. _ .  . . , . . v..- 



ve l1  d e f i n e d   a p c r t u r c ,  and t h e   p a r t i c l e   r a n g e  wc f e e l  c o n f i c k n t   t h a t  
. . , . ~  ? 1 

t h e  added  coniplcxity of 2 "guard"  coznter  would n o t  offer any improvc- I '1 z t  
F l  

mcnt i n   d e t e c t o r   r e s o l u t i o n .  
\? ~ 

t I '*.\. 1 
, ,  

* . I  I .  

, .  , * : ~  # 

I l " - -  I 
I I .  . .  

i tJ"+ - ,  
I 

- ' We have   suppleaented   the  p u l s e  h e i g h t  dara  w i t h   . a  nurnber of d i f -  1 .* . .. 
' . i  

t : I .  

f e r e n t   r a t e s ;  The r a t e  d a t a  has  two irn?ori:ant u s e s .  They should  

p rov ide  a method fo r   de t e smin ing   ene rgy  s?,ecrra o f   so l a r   cosmic   r ays  

on a v e r y   s h o r t   t i n e  sca le .  They will al . jo  p rov ide  a means of ilea- 

i 

I F 
5 

. . . . . . . . *  
t 

i 
1 

-*, t 
. \  

-/ , < ! \  , ; .  i 
' s u r i n g   t h e   a n i s o t r o p y  of t h e s e   p a r t i c l e s  on a shor t   t ime  sca ie  by ,, ;.c- , ! r 

i 
i s e c t o r i n g  sorre of t h e   r a t e s .  ' 

I-' , ; i 
i a, , "  8 ,  . ; : - L ,  . ' 3  I c . .  . .  * . 1-  ii 

1 
i 

The te l -escope  i s  e s s e n t i a l l y   s e l f - c a l i b r a t i n g .  For exan 'q lc , .   the  i 
. I  

,? [ 
measurement o f  r e s i d u a l  energy  and  range  a l lows us t o   a c c u r a t e l y  

d e t e r m i n e   e n d - p o i n t s   f o r   v a r i o u s   p a r t i c l e   s p e c i e s   i n   e a c h   e l e m e n t  of 

t h e   r a n g e   a r r a y .  The A e l e m e n t   c a n   b e   c a l i b r a t e d   i n - f l i g h t  f o r  s t o p -  

k 
f 
[ 
i 
f 
t 
E, 
i 
i 
f 

. .  

t 

. p i n g   p a r t i c l e s   i n   t h e   u s u a i  way. 

2. Low Energy Telescopes :  (LET I) 

The  low  energy  telscope (LET I) i s  a three  e ' lement dE/dx vs. E I 

' I  

. I  

-- 

d e t e c t o r   s e n s i t i v e   t o   p r o t o n s  and h i g h e r  2 p a r t i c l e s   i n   t h e   r a n g e  3 t o  

22 MeV/nucleon. The t e l e s c o p e  i s  des igned   t o   measu re   bo th   ene rgy   spec t r a  

a n d   a n g u l a r   d i s t r i b u t i o n s   o v e r   t h i s   e n e r g y   i n t e r v a l .  c ' T h i s   r e p r e s e n t s  

.. a modi f i ca t ion   o f   t he   p rev ious  LET d e s i g n   t o   t a k e * i n t o  I .  a c c o u n t   t h e   e f f e c t s  
'I., 

of an i s o t o p e  power s u p p l y .  . .  
. .  f 

The d e t e c t o r   c o n f i g u r a t i o n  i s  shown i n   f i g u r e  111-2. D e t e c t o r s  Dl 

. and  D2 are i d e n t i c a l   s i l i c o n   s u r f a c e   b a r r i e r   d e v i c e s   e a c h  100 microns 

v 
.' 

. .  
, .  
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t!-,'ic't:. Thcy serve the  d u n i  purposcs   of  d e f i n i n g  thc  geometry of t h e  

d c t e c t o r  t c l e s c ~ p c  a n d  a l s o  p r o v i d i n g  a reclundnnt d o u b l e  dE/dx  mea- 

stlrcmtit. Dc tec to r  E is ;I I . i ' thium d r i f t e d  s i l i c o n  d c v i c c  2 . 5  mm i n  

t h i c k n e s s .  It s e r v e s . a s  a t o t a l  energy  meilsuring eiencnl; .  The 3' 

t e t e c t o r *  
a 1 rm t h i c k   l i t h i u a   d r i f r e d   s i l - i c o n   d e v i c e ,  sim?ly a c t s  

-1 as  an ant ico inc idence . '   Events  of t h e  type Dln2E and D l D 2 ~ ~  wili be c 

. .  

analyzed .  The DlD2EF e v e n t s   c o r r e s ? o n d   t o  procons betwten 3 and 5 

MeV whereas t h e  DlD2EF b v s n t s '   i n c l u d e   t h e '  5 t o  22 MeV range for 

pro tons .  

. -  

An i m p o r t a n t .   i n n o v a t i o n   i n   t h i s  t e l e scope  (as i n   t h e  EIET) i s  the  - 
' .  

abs~e'nce of a .guard  'counter .   With  our   wel l -def ined  geometry and redun- /' 

dant   dE/dx   measurements   the   background  in tens i ty   should   be   min imized . '  

In a d d i t i o n  t i l e  Icw n a s s  3 sr,l ssna11 g e o k e t r y   f o r  p a r t i c l e s  entt:rlng t he  

E eI.ement  frcm the  side t . r i l 1  fu r ther   re lucc .   background l e v e l s  r e l a t i v e  

to l a r g e r ,  more m a s s i v e   d e t e c t o r s  f 1o.i.n i n   t h e   p a s t .   T h i s ' t e c h n i q u e  

. .  

al lows u s  t o  do away wi th   the   weighr  and  power  consuming.  photopu1tiplie.r- \.-' -.-..*. . . - , - - . . 
. .  

s c i n t i l l a t o r   s y s t e m s   u s e d   i n   t h e   p a s t .  -- 
. .  

' T h i s  low ene rgy   t e l e scope  w i l i  cove r   t he   cha rge   r ange  2 = 1 ' t o  8 

( e x c l u d i n g   e l e c t r o n s ) .  This  w i l l  r e q u i r e   c i r c u i t r y   h a v i n g  a s i n g l e  

l i n e a r  r eg ion  w i t h  .a dynamic  range of 1000. 

S t a t e  of t h e   a r t   t e c h n o l o g y  will be  used 

dev ices .   Th i s   l abo ra to ry   has   had  a g r e a t   d e a  
-. 

withc 'all s o l i d   s t a t e  
. .  - . .. 

1 of exper ience   wi th .   such  
. , .  - -  , .,. * - 

d e t e c t o r s   u s e d   i n   s p a c e f l i g h t   a p p l i c a t i o n s .  I 
O v e r a l l   s y s t e m   n o i s e   l e v e l s  

. ( d e t e c t o r  + e l e c t r o n i c s )   s h o u l d  be i n  the  neighborhood of 30 KeV f o r   e a c h  . .- 
. .  



I 

. I ' T h i s   t h e n   g i v e s  us a w o r s t   c a s e   r e s o l u t i o n   b e t t e r   t h a n  10% ZIJtX,:  
I 

.. P r e c a u t i o n s  will bc  taken t o  mini rn izc   the   e f fec ts  o f  r a d i a t i o n  damage. 

I n  a l l  c a s e s   f u l l y   d e p l e t e d  devices hxqing e l e c t r i c   f i e l d   s t r e n g t h s   i n  

c 
'' excess of 150 V / m  will be  used .  . .  

We i f i t e n d   t o   s e c t o r   s c v e r a l   r a t e s   f r o m   t h e  LET I. D i v i s i o n  of 
J '2' 

t h e   d a t a   i n t o  8 equal  s e c t o r s  w L l l  be   corncnsura te   wi th   our   v iewing  

c o n e   h a l f   a n g l e  o f  25". To obta i i ;   an   zngular   scan  we r e q u i r e  mountirlg 

J i such t h a t   t h e  LET look d i r e c t i o n  ' i s  p e r p e n d i c u l a r  t o  t h e   s p i n   a x i s  o f  
I 

i t h e  s2acec ; ra f t .  

The p r i o r i t y  systcm will s e l e c t  these r a t c  .-_. p z r t i c l e s  

d e t e r m i n e   t h e   t r u e   r a t i o s   o f   t h e s e   p a r t i c l e s   i . n   i n t e r p l a n e t a r y   s p a c e ; .  

T h i s   d e t e c t o r ,   l i k e   t h e  E T ,  w i l l  be s e l f - c a l i b r a t i n g .  I n   a d d i t i o n  9 

the. d e t e c t o r s  w i l l  be   des igned   such   t ha t   an   ove r1ap . i . n   t he   i nd iv idua l  

e n e r g y   r e s p o n s e s   o f   t h e   d e t e c t o r s  w i l l  e x i s t .  Th i s  w i l l  a l l o w   c r o s s  

b 

T h i s  low  energy  'detector   system is' d e s i g n e d   t o   s t u d y   v e r y  low energy 

p r o t o n s  and e l e c t r o n s   i n   i n t e r p l a n e t a r y  space. S t u d i e s   i n   i n t e r p l a n e t a r y  

I 
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l y  I ia iLcd LO particles of  s o l a r  o r i g i n .  ' Energy 8: 

s p c c t r a  and a n g u l a r   d i s t r i b u t i o n s   a r c   m e a s u r e d .  A schematic  of t h e  . 
d e t e c t o r ' i s  shorm i n   f i g u s e  i i i - 3 .  

The re   a r e  t h r e e  elements:  . 4 
,/'. 

3 

S1 loop 50 m2 S i l i c o n   S u r f a c e   G a r r i e r  - ', 3 \ ' 

$2 2 m  " 50 mrn2 L i t h i u m - d r i f t e d   S i l i c o n  

s3 l m  - 200 mn;' L i t h i u m - d r i f t e d   S i l i c o n  

I - -  
c > %  
1 5  

-i 

, T h e  S1 thickr.c?ss was chosen   t o   n in imize   t he   e l ec t ron   r e sponse   w i . thou t  
I -  

making a n  u n r e a s o n a b l e   s a c r i f i c e   i n   t h e   d e t e c t o r   p e r f o r m a n c e .  ' A  t o t a l  

r e s o l u t i o n  of 15 - 20 K e V  w i l l  be e a s i l y   a t t a i n a b l e .  We h a v e   d e t e m i n e d  

i n   t h e   l a b o r ? . ? t o r y   t h a t   s p e c i a l l y   c o n s t r u c t e d   d e t e c t o r s  . . -  o f   t h i s   t y p e   a r e  

i n s e n s i t i v e  t.o sun l igh t .   Us ing   t h i s   t echn i .que ,  we c a n   h a v e   d e t e c t o r s  

e x p o s e d   t o   s c r i l i g h t   w i t h   p r o t o n   t h r e s h o l d s  .of 75 KeV. Mechanical  

c o l l i m a t i o n  i s  u s e d   t o  l i m i t  t h e   d e t e c t o r ' s -   f i e l d  of view t o  2 15" and 

. .  

. .  
' t h u s  provide  a r e a s o n a b l y   f i n e   g r a i n e d   m e a s u r e m n t   o f   a n g u l a r   d i s t r i b u t i o n s .  

and p r o t o n s  in the   range 58 KcV - 3 McV, The S2 dctector will respond 
-- 

t o  e l e c t r o n s   i n   t h e   e n e r g y ' i n t e r v a l  150 Ke'? - ' 1  MeV and t h e   p r o t o n  

i n t e ' r v a l  i s  3 KeV - 20 MeV. S topp ing   a lphas   i n .   t he  SI d e t e c t o r  w i l l  h a v e .  

a unique  response  f rom 1 FleV - 3 FieV/nucleor, f o r   s o l a r   a l p h a   e v e n t s .  

The p ro ton  and e l e c t r o n   r e s p o n s e s .   f o r   t h e   v e f y .  low energy  system are 
-.. 
summar ized   . in   f igure  XIX-4. Note t h a t   t h e   e l e c t r o n   r e s p o n s e   c u r v e s   a r e  

i d e a l i z a t i o n s   a i d  do n o t   i n c l u d e   t h e   e f f e c t s   o f   e l e c t r o n   s c a t t e r i n g  

w h i c h   a r e   s i g n i f i c a n t   a t   t h e s e   e n e r g i e s .  ,We h a v e   c a l i b r a t e d  similar 

. d e t e c t o r s   i n  50 K e V  and 2 FleV ' e l e c t r o n  beams. 
\? , 

. . -  - . . . - - 
f 

_. 
. .  

. .  
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* .  
s p c c i f i c d  by the   fo l lowing   l og ic :  1: 

! - -  
’1’2’3 50 KeV < E, < 150 K c V  i 

1 
\ 

/ 8 l e v e l s  
50 KeV’ < Ep < 3 MeV i 

150 K e V  < E, < 1 >lev/ 8 l e v e l s  

3 MeV < ,E < 20 KeV/ 8 l e v e l s  
P ’1’2’3 

where E = e l e c t r o n   e n e r g y  and E = proton   energy .  2 E 
e P I 

The  advantages of t h i s  s y s t e m  are   t lvofold:  E 

1. The double  va lued  response  of  t h e  u s u a l  one-d incns iona l  5 L 
i de‘:ector i s  e l i m i n a t e d  by removj.ng a l l  p e n e t r a t i n g   p a r t i c l e s .  

s i g n i f i c a n t  energy range.. :. i 
c 

t 
2. E l e c t r o n s  and pro tons   a re   unaTb: -guous ly   separa ted   over  a 

Each of t h e   t h r e e   l o g i c  modes i s  cor:nected t o  an’ 8 l e v e l  ’ .  . -  * - . - . . . . . . 

i n t e g r a l   a n a l y z e r .   T h i s   s h o u l d   p r o v i d e  z n p l e  e n e r g y .   r e s o l u t i o n   f o r  

T h i s   n i g h t   b e   a s  fol lows:  
50 KeV < E < 3 MeV ‘ 

P 

. .  ,’ . - -  
S15ZS3 

,500 KcV C Ep-< 3 N e V  6 

150 KeV. < E, < 1 MeV 

500 K e V  < Ee < 1 NeV 

3 MeV < E < 20 XeV 
a,’ P .- ’* 

--. . 
.We have   a l loca t ed   t he   we igh t   and   power   fo r  the s e c t o r   a c c u m u l a t o r s   i n  J 

the weight  and power budgets .  1 
A d e t e c t o r  of t h e  S, type has ‘   been   i n t eg ra t ed   i n to   t he ’  D I P - G  f 

.. 



We a r e  mcrcly a d d i n g  S to an a l r e a d y  dcvc lopcd  d e t e c t o r .  
2 

The proposed mounting schemes a r e  .sho;m i n  F igu re  IV-4. 

The  viewing ang le s  are ob ta ined  s h o u l d  a l l o w  t h e  d e t e m i n a t i D n  of  con- 
+, 

- 5 AU. J 
,; J ~; ,'. 

_. . . . 

.. 

. -  
I 

? 

'f 
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. .  . .  

A .  Tntrcc~octioiT: 
' . .  

- . \  ! 

The instrumentation.describcd h e r e   u s e s   e x i s t i n g ,   p r o v e n ,  l o b 7  powcr i 

c . i r c u i t r y   w i t h  some 'available  irnprovcments in semiconductors   and ,   in  

g e n e r a l ,  more e f f i c i e n t  and l i g h t e r   p a c k a g i n g .  O u r  f l i g h t   e x p c r i c n c c  . ... 

w i t h   s i m i l a r   e q u i p m e n t   i n   t h e  p a s t  s e v e r a l   y e a r s  is c o n s i s t e n t   w i t h   t h c  

r e q u i r e d   l i f e t i m e s   f o r   t h e s e   n i s s i o n s .  TJe will a p p r o a c h   t h e   d e s c r i p t i o a  

: t  

. .  

' . o f   t h e   i n s t r l m c n t a t i o n  by d c s c r i b i n ;   t h e   o , i c r a t i o n  of  each o f  t h e   t e l e -  

s c o p e s   f i r s t ,   f p l l o w e d  by a d e s c r i p t i o n  of the  i n d i v i d u a l  c i r c u i t s ,  t h e  

da t a  sys t em,   pa r t s ,   t he   mechan ica l  s y s t e m ,  t h e m a 1   r c q u i r c n c n t s ,   e n v i r o i l -  

mental  problems, ' t h e   s p a c , e c r a f t   q u a l i t y   g s s u r a n c e   p r o v i s i o n s ,  . 

. .  

. /  

. . -  

and  the   weight  and  power . a n a l y s e s .  . ,  

F i g u r e  .IV-.1 is  a s i m p l i f i e d   b l o c k  diagi:am of  t h e   d e t e c t i o n   s y s t e m  

and  shows t h e   l o g i c a l   c o n d i t i o n s .  The c h a r g e   s i g n a l   f r o i   e a c h   d e t e c t o r  

is  . i n t e g r a t e d  and  converted  to  a v o l t a g e  p u l s e ,  then  shaped  and  amp1if icd;-  

, .  
I _ ,  . -  

d i s c r i m i n a t o r s   f i r e   i f   t h e i r   t h r e s h o l d s   a r e   e x c e e d e d ,   p r o v i d i n g   t h e  
, . . . .  . 

_ _  
i n p u t s  to t h e   v a r i o u s   l o g i c   c i r c u i t s  ; and i f   t h e   c o n d i t i o n s   a r e   m e t ,   t h e  

. .  p r o p e r   l i n e a r   g a t e  is opened ,   and   the   s igna l  is  ana lyzed  i n t o  one of 8 

channe l s  by t h e   i n t e g r a l   a n a l y z e r .  

A 24 b i t   r e g i s t e r   a c c u m u l a t e s   t h e   d a t a   f o r   e a c h   c h a n n e l   o f   e a c h  
--I  

-. 
' a n a l y z e r .   A d d i t i o n a l l y ,  two  more r e g i s t e r s  a f :  e used   t o   mon i to r   t he  ' .  

I I. : . .  . . -  

z I 
b> S I  F2 F3, S1 S2 F3 and 's, S2 z3, and 8 more a r e   s h a r e d   i n  accurr,u- ' . 

/* 

. .  

lating sec to red   (x8 )   i n fo rma t ion  f o r  SI .s2 s3, SI S 2  s3 and SI S2,s3. 
- 



detcc tors  a r c   c o n v e r t e d   i n t o   v o l t a g a  p u l s e s  by low n o i s c   c h a r z c   s c n s i -  .. . .  
. .  

' t i v e   p r e a m p l i f i e r s .  The o u t p u t s  of t h re sho ld  c i rcu i t s  f o r   t h e  D l ,  D2, . 

and F e l c m c n t s   a r e   f e d   , i n t o   i o g i c   c i r c u i t r y   w h i c h  pzoduces a p u l s e  v7hcn ..' . . .  

t h e  DlD2F <:onditioiI  i s  met. This pu l se  I s  i n   t u r n  u s e d  to   open   t he  

Dl, D2 and l i n e a r   g a t e s .  Each of . t he  31i310g Dl, D2 and E p u l s e s '  a re  

' 1  
i - 

.. . . .. 

... ~ . - . f :  

1 
i :  
t 

t h e n   f e d   i a t o   t h r e e  1000 c h a n n e l   p u l s e   h e i g h t   a n a l y z e r s .  Ten biLs 

w i l l  be  r e q l i r e d   f o r   e a c h  ' € ' H A  and two b i t s   f o r   p r i o r i t y   l e v e l   i d d n r i f i -  

. . ., c a t i o n ,  p l u s  a r a d d i t i o n a l   b i t   t o   i d e n t i f y   t h i s   g r o u p   a s   d a t a  from , 5 .. ; 3 . ,  
LET-I.  T h i s  i s  n e c e s s a r y .   s i n c e  w e  s h a ' r e   t h e   d i f f e r e n t i a l   p u l s e   h e i g h t  

VJanalyzers   be tween LET-I a n d '   t h e  EET. 0r.e S - l e v e l   i h t e g r a l   a n a l y z e r  ' i s  - .. .. 

sha red   be txeen  Dl and zl E2 E 2'. Sixteenqaccumula tors  are  sha red  - 

i ? i b e t w e e n   t h e   v a r i o u s   ' r a t e s  arid . s e c t o r e d   r a t e s .  

C.  High E n c r p  Telescope:  

. I .  . ;  .. ':,, :::.:;,. , F i g u r e  f V - 3  is  a : s i rnpl ' i f ied   b lock   d iagram  of   th i s   sys tem,  and t h e : '  . 7 ', :.i 

._  . . , .  .. l o g i c  is :snown. Again   each   de tec tor   has   i t s - -o t rn   charge   sens i t ive  pre- .. - (-. ,- - 1  

. amplifier, shap ing   ampl i f i e r   and   t h re sho ld   d i sc r imina to r s .   De tec to r s  

A ,  B ,  and C1 - C3 each  have two t h r e s h o l d   d i s c r i m i n a t o r s   s e l e c t i n g  - 
- 

. .  

To d i s c u s s  t h e   l o g i c a l   a r r a n g e m e n t ,   c o n s i d e r  a p a r t i c l e   e n t e r i n g  _-,, : ,  

t f '  8 

d .  
! ' , , . '  

\ 

/' 2 7 2! . ', - . . -  through A, B. P u l s e   h e i g h t   a n a l y z e r s  1 and 
ana iyze   the  A and CCg ,; ).>. ., 1 . '  \ . d 

' .  

. . '  

pulses  r e s p e c t i v e l y ,   w h i l e  ?'&I 2 analyzes  B o r  C 3 ,  depending  on 

whether  one  has a pene t r a t ing   even t  (C,) o r  no t .  I n   a d d i t i o n .   t o   t h e  ' 

4 
:- ~ 
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* .  

* l a  

i f  C2 was penc t r a t cd   ' ( r ande ) ;  a n d  3 b i t s  t o  i d c n ~ i f y  the s p i n   n c c t o r  '..,' ; .., 
, . , * { ,d..'=$5 ' .  

i n  which t h e  e v e n t   o c c u r r e d .  The   t ime-sharcd   pr ior i ty  inodcs l i s t c d  - 
on F i g u r e  IV-3 r e f e r  'io s topping   par t icy les  ( i iBC3),  s t o p p i n g   h e a v i c s  

, r a t e s   l i s t c d  will be i n t e r n z l l y   c o a n u t a . r e d   i n t o   r e g i s t e r s .  

Note   tha t   whi le  PEA 1, 2 and 3 a r e  ;;hown b o t h  on F i g u r e  iV-2 a x i  

\ F i g u r e  IV-3, t h e r e   a r c   i n   f s c t   o n l y   t h r e c   d i f f e r e n t i a l .   p u l s e   h c i g h t  

ana lyze r s   w i th in   t he   cxpe r imen t  and the:r a r e   b lock   sha red   be tween   t hc  
' I .  

/-. RET 

' D. 

. '. 
and LET-I . 
Elec  t r s n i c s  : 

1. Charge   Sens i t i ve   P reampl i f i e r s :  Tne charge  s ignals   f rom  eacl!  

:. . .. . -. . . . . . .. -. . . .  . . .  . . . . . . . . 

. .  

_L 

s o l i d   s t a t e   d e t e c t o r   a r e   i n t e g r a t e d  and c o n v e r t e d   t o  v o l t a g e  pu l ses  i.n 

' .  ' ' t h e s e  ' a m p l i f i e r s   w h i c h   a r e   s i m i l a r   t o  ti-,a u n i t s   u s e d   s u c c e s s z u l l y  on: 

IMP'S F and G and OGO-F. W h i l e   t h e   e x i s t i n g   n o i s e   p e r f o r m a n c e   e a s i l y  

exceeds   t he   r equ i r emen t s   o f ,   any  o f  t h e   d e t e c t o r s ,   m o d i f i c a t i o n s ' h a v e  

.... . . -  . .  

. -  

- .. 

been. made in .some u n i t s  t o  accommodate the  very  wide  . range  over   which 

l i n e a r   r e s p o n s e  is r e q u i r e d .  

2. Shaping   Ampl i f ie rs  and L inea r   X ixe r s : .  T h e  v o l t a g e   s i g n a l s   f r o m  
. .  . 

t h e   p r e a m p l i f i e r s   a r e   s h a p e d  by a c t i v e l y   d i f f e r e n t i a t i n g ,   i n t e g r a t , i n g  

and d i f f e r e n t i a t i n g   at^ equa l   t ime  cons tan ts  wlnile b e i n g   a m p l i f i e d  a s  
'f . 
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s c . h i l r .  s t i l l  stvins =~rlcyr: ,~tc  si;nn~,-:o-;-~nr~c ;(;-,:I k,;zh co~1r.t r a t e  

c a p a b i l i t y .  The High  Encrgy  Datcctor a l s o  r e q u i r e s  n l i n e a r  mixer 

to SU:il Cl ai:d C. l i n s z r l y   f o r  pulse hcisht  a n a l y s i s .  a 2  

3. D i s c r i m i n a t o r s  and  Logic   C ' i rcui t ry:  Verr s t a b l e ,   t u n n e l   d i o d e  

, d i s c r i m i n a t o r s  a r e  used as t h r e s h o i d  d c v i c e s  t o  s e t  up  the   requi red  

l o g i c   c o n d i t i o n s  amonas t t h e   v a r i o u s  d e t e c t o r s .  Wc have used t h e s t  

c i r c u i t s  cx t c n s i v c i y   i n  t h e  IXP and OGO s e r i c s .  ';he coinci.cicnce/ 

a n t i c o i n c i c  cnce log ic   wh ich   fo l lows  is q u i ~ c  convcn t iona l .  

4 .  p u l s e  Height   Analyzers :   Fas t   in t .egra1   pu lse   he izh ' i   ana lyzers  

a r e  r e q u i r c d  f o r  LET-I and LET-11. T h e  3 d i f f e r e n c i a 1  p u l s e  h e i g h t  

a n a l y z e r s   l e q u i r e d  a r e  o u r   s t a n d a r d   u n i t s   u s i n g  a 2 X i Z  ADC. Convcrs ioa  

w i l l  b e   t o  10 b i t s .  T h e   p u l s e   h e i g h t   a n a l y z e r   c o n s i s t s  of a l i n e a r  

ga te ,  b u f f e r -   c n p l i f i e r ,   d e l a y   c i r c u i t r y  2nd t h e  A t o  D c c n v e r t e r .  
. .  

5 .  Datz. Sys tem:   Th i s   expc r inea i  uscs an e x t c i I s i v e   d i g i t 2 1  da ta  

s y s t e m   t o   a c q u i r e   t h e  mass of s p e c t r a l  and f l u x   i n f o r m a t i o n   r e q u i r e d .  

None the le s s ,   t he   sys t em is low weight  and low pouer .   The   bas i c   bu i ld -  

ing-b lock   used   th roughout   the ' sys tem is an   6 -b i t   coun te r   w i th   compan ion  

8 - b i t   s h i ' f t   r e g i s t e r ,   t r a n s f e r   g a t e s  and   co l i t ro l   l og ic .  One o f ,   t h c s e  

i s . . u s e d  t o   a c c e p t   e a c h  AiIC o u t p u t   d i r e c t i y   a n d   t o g e t h e r  with t h e   g a i n  

c h a n g e   b i t ,  makes up a 9 - b i t  p u l s e  h e i g h i  word .  T h r e e   o f   t h e   b a s i c  

b locks  a r e  c o n n e c t e d   t o g e t h e r   t o   f o r n  a 2 4 - 3 i t   c o u n t e r   f o r  the r a t e  

c h a n n e l s ,  and t h e   i n t e r c o n n e c t  of r h e   s h i f t   r e g i s t e r   a l l o w s   f o r  

* .  
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by > 300 m i l l i o n   d e v i c e  hours i n  space on I:.jp's D, E, F and G witkt only  . 

2 p o s s i b l c   t l c v i c c   f n i l u r c s .  A n a l y s i s  h a s  shol..;~.r t h a t  i t  is' i m ~ r o b a b l y  

t h a t  t h e  f a i l u r e  was i n  the  piOS d e v i c e   i n   t h e s e  cases .  They are   extremc2ly.  

. r e l i a b l e . d c v i c e s .  The c i r c u i t   l a y o u t  and i n t e r c o n n e c t   a r c   c x s c t l y  t h o s ~  

.which have bccn used on IN?-I. A. l a r g e r   c h i p   c o n t a i n i n g   t h e   c i r c u i t s  

or' t h ree   p re senE   ch ips  is c u r r e n t l y   u n d e r g o i i l g   q u a l i f i c a t i o n   t e s t i n g  

f o r   u s e  on I?,? H and J and t h e   T l a n c t a r y  E x p l o r e r s .  If t h e   q u a l i f i c a t i o n .  

c o n t i n a e s   s u c c e s s f u l l y ,  w e  would p l a n   t o  u s e  t h e   l a r g e r   d c v i c e s , t o  

s i m p l i f y   t h e   i n t e r c o n n e c t  and g i v e  u s  more .;;.eight  rnariin. 
i 

6.  P0.cJe-1. Supp l i e s :  The experiinent w i l l  r e q u i r e .   a p p r o x i m a c e l y   s i x  

low v o l t a g e s  ?:o supp ly   t i l e   e l ec t ron ic s  systems a n d   f i v e   h i g h e r   v o l t a g e  

b i a s e s  f o r  t t ie  s o l i d  s t a t e  detectors; Thes.2 will range f r o n  - 25 v o l t s  

.to - 600 vol!.:s w i t h  a c a p a b i l i t y  .of u p  t o  S p amp p e r   d e t e c t o r .  

7 .  S 'ector ing  System:  Since  Pior ,cers  F G G w i l l  s u p d l y   s e c t o r i n g  

p u l s e s ,  we t r i l l  use   the   see-Sun/Star  p u l s e  and t h e  x8 p u l s e s  , t o   g c n e r a t c !  - :: . .  

~ . .  . e ' l e c t r o n i c a l l y  8 e q u a l s e c t o r s   i n   t h e   r o t a t i o n  o f  t h e   s p a c e c r a f t ,  o r&an lzed .  . '  

_ -  
, . a round '   t he   de t ec to r s   s ee -Sun /S   t a r .  

.-8. S o l i d   S t a t e   D e t e c t o r s :  A l l  dev ices   inc luded  in t h i s   p r o p o s a l  

. ,are commcrcially a v a i l a b l e   d e v i c e s   w h i c h  are  procursd t o  o u r   r i g i d  1. . .. 

s p e c i f i c a t i o n s .  They a r e   t h e n   t e s t e d  and a n a l y z e d   i n   o u r   s p e c i a l  '. 
l a b o r a t o r i e s .  Our expe r i ence   w i th   t hese   dev ices   ove r   t he   pas t  4 

years  i n  OGO and,  DIP expe r inen t s  has Seen   exce l len t .   Other   expcr imcnczrs  
f 

* have had g r e a t e r   t h a n  5 y e a r s   s u c c c s s f u l   f l i g h t   h i s t o r y  on a l a r g c  g roup  

of these   dev ices   ( ! J i l l i ans  e t '  a l . ,   1 9 6 3  3 S C ) .  The. e s t c a s  i v e   t e s t i a g   o f  

these d e v i c e s   i n  severe r a d i a t i o n   c n v i r o n a c n t s  by ;1 group a t  t h e  Goddard 

I .  

* . ' L  

c 
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schcmat icz l . ly  'in F i g u r e  IV-4. LET-1 a n d  11 a r e  u n i d i r e c t i o n a l  and 

l o o k   o u t   p c r p c n d i c u l a r   t o   t h e   s p i n  axis  as  shown. If t h c r c  were a need 

t o  t i l t  ttcm towards t h e  s p i n  a s i s  i n  the away-from-earth sense, i n  

order t o  avoid  a p o s s i b l e  s o l a r  a r r a y  c;c booa, t h i s  can  be done. 

. \  

O n . t h e   o t h e r   h a n d ,  the Z 3  is Si-directional i n  i t s  r e sponse ,  ar.2 

can t o l e r a t e  o n l y  - 0.050 gm/cn2 o f  m a t e r i a l   f o r w a r d  o f  d c t e c t o r  A ,  

and N 0.25 grn/cm2 i n   ' t h e   b a c k   d i r e c r i o r , .   A c t u a l l y  we' i n t e n d   t o   u s e  a 

m u l t i p l c   t h i n   t i t a n i u m   f o i l   a p p r o a c h ,  a s  h a ~ - ' p r o v e n   s u c c e s s f u l  or! IXP 

..and OGO. As shown i n   F i g u r e .  IV-4  ( B )  , t h e  d e t e c t o r  asscn:bly must  be 

in some s o r t  o f  bubble  o r  c n c i o s u r e   o u t s i d e   t h e  mair! body i n  o r d e r  t o   g e t  

t h e   c l e a r   l o o k   a n g l e s .   A d d i t i o n a l l y ,  i f  we werc *mounted on f a c e  1 
, .  

(F igure  I V ( A ) )  'and a boom was a l s o  extended away from th i s  f a c e ,   t h e n  we 

would  have t o  c a n t   t h e   d e t e c t o r s  l o o ' ~  c o n e   t o  the r i g h t  o r  l e f t   t o   a v o i d  'f , -  

the obs   r ruc  t ion .  



a r c  not: a v a i l a b l e .   C o n v c r s z t i o n s  r . r i ' ;h  t h e  cnzinccring r c p r c s c n t a t i v c s  * 

of t h e   p i o n e e r   p r . o j e c t   o f f i c e  navc i c d  us t o   a s s u r ~ c   t h a t :   o u r  dcLccLors  

. .  
o f   t h e  l a r g e  number of wires c a r r y i n g  low n o i s e   s i g n a l s  fronl t h e   d c t ' z c t o r  . .  

l o n g  l i f e   f o r  the  s o l i d   s t a t e   d e t e c t o r s .  The -- p i o n c c r  F ti G compartment . .: -: .. 

s p e c i f i c a t i o n  of -zoo  t o  +9O0F i s  a c c e p t a b l e ,   b u t  we would   przfer  a 

In a d d i t i o n  t o  p o s s i b l e  proSIcn;s with  micrometeoroids  which w c  

have   a l ready   d i scussed ,   the   poss ib le   p roblems of r a d i a t i o n  danagc 

conccrncd   wi th   the   Jovian   encounter   mus t   be   eva lua ted .   S ince  thL; LS 
. .  

. .  
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L i l  by sayii1" tii;: . .  

1 ;  
I $40 fccl. t h e   t r z j c c t o r l c s  ou'tlLr,cd f o r   P i o n e e r  F and 'Pior,ccr G . i n  ?-ZOO 

" I 
a r c  e x c e l l e n t   c h o i c e s .   A d d i t i o n n l i y ,  t h c  h igh  c c c r ~ y  e l e c t r o n  b c l t  

p r e d i c t i o n s  by ,  C q - e n  are 2 z o ~ i 5 1 , y  c o n s c r v a t i v c .  H o ~ e v e r ' ,  t h e   p r o t o n  

p r e d i c t i o n s  Eggcn  which a r c   r e p e a t e d   i n  P-200 a r e   d e r i v e d   i n  a much 

different f a s h i o n  and  a r c  subjcc: t o  h u g e   u n c c r t a i n t i e s .   I n   S h o r t ,  

l imi t ed  t o  a b e l r  a s  

t o   f i n d   t h e n   t h r o u g h o u t  

11. A t  t h i s   t i n e  1 . 7 ~  know 

' :  . . .' oi5 . 

' wc havc no conf idence   t ha t   t he   p ro tons  w i l l  b e  

suggested i n   S e c t i o n  4.2. '2 0 f . P - 2 0 0  b u t   e : q e c t  

I t h c  r e g i o n  whcre t h e   e l e c t r o n s  are shown 'as we 

I , or no one who has b e e n   a b l e   t o  p r e d i c t  t h e   d e t a i l s  o f  s u c h  a proton  

bclt..' A d d i t i u n a l l y ,   w h i l e  Eggen's p r o t s n  n.odel deals .. 'w i th   p ro tocs   f rom 

100 K e V  t o  4 IieV, we a r e  'much morc  concerned  with  the  protons  f rom 

'damage a r e   t h e   d e t e c t o r s  rhcsse lves  and  thc 30s t r a n s i s t o r s   i n  t h e  

data s y s   t e n .   I n t e g r a t i o n  of  t h e   e l e c t r o n   f l u x e s  shown i n   F i g u r e b  4 . 2 . 2  _ .  

of p - 2 0 0  l e a d s  . .  t o   a n   i n t e g r a t e d   w o r s t   c a s e   f l u x  ...- g r e a t e r   t h a n  - 5 P k V  : 

e n e r g e t i c   p s o t o n   f l u x   p r e d i c t i o n ' s ,  we c a n   o n l y   c i l c u l a t e   w h a t  is  

r c q u i r c d   t o  'do danage t o  o u r  d e t e c t o r s .   D e t a ' 1 c d " r a d i a t i o n  damagG . .  

i: 
t e s t i n g  on s o l i d   s t a t e   d e t e c t o r s  has b e e n   c a r r i e d  o u t  a t  t h e  Goddsrd  

t Space F l i g h t   C e n t e r   o v e r   t h e   p a s t ,  two years   and  is c o n t i n u i n g   i n  

Con junc t ion   w i th   t he  . ,. l i a t iona l   Eureau  of Standards.   Th ' is   work  has  

.- - 



6, 
. .  . .  

e n e r g i e s   g r e a t e r  t han  4 o r  5 K c V ,  our d e t e z t o r s   c o u l d   t o l c r a t e  z 

fluence of a t  l e a s t  10" protons /ca2   bcforc   any   no t icec ib le   e f ' fcc t s  

occur red .  Thc Eggen pro ton  i>,o6Zi pred ic t ions   would  bc s c v c r a i  o r d e r s  
i 
:. 

i 



Of more concern t o  us  it t h i s  'time is  t h e  problem of "mvcric!~:" 

j u n c t i o n   d i o d e s .  C u r  approach here ha:; been t o  des ign  a n  c l c c t r o n i c s  

sys t em  tha t  has ;r,any p a r a l l e l  p a t h s  Ic:;Jing co d a t a  ' o u t p u t   t o  t h e  

s p a c e c r a f t ,  s o  t h a t  a p a r t i c u l a r   d c v i c t .   f a i l u r e  leacis LO a x i n i n u n  

loss of i n f o r m a t i o n  from the   expe r inca t  . A l t e r n a t i v c l y ,   i f   d e s i r e 3  

by t h e   p r o j c c t , w c   c o u l d  use semiconductors   which  have  been  screened 

by r a d i a t i o n   e x p o s u r e  and t e s t   i n   o r d e r  t o  d i s c o v e r  such "nave r i cks . "  

. .  . .  
I .  

_ -  

O u r  pas t   expe r i encc   l eads  u s  t o  be c o n f i d e n t   t h a t   c h i s   c x p e r i x e n t  

w i l l  n o t  be a s o u r c e  of e l e c t r o m a g n e t i c   i n t e r f e r e n c e .   S i m i l a r l y ,  T-JC I 

"are a b l c  t o   b u i l d   t h i s   e x p c r i m c n t  s o  t h a t . w e   a r e '   v i r t u a l l y  innune t o  

s u c h   i n t e r f e r e n c e .  As an  example,  one o f  us has  a s o l i d   s t a t e  dz:cctor 

expcrimcnt  w i t h  t h r e s h o l d s  s e t  a t  30 KeV and s e e i n g  no i n t e r f e r e n c e   o n  

OGO-F, one of t h e  d i r t ics ' t  s p a c e c r a f t  f ' r o i  t h e   p o i n t  of v i c v  of e l c c z r o -  & 

. r  

0 ,  magne t i c   i n t e r fCrence .  
. t  

. .  . . -  
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F i l l u i s .   e t   a l e ,  w i l l  6 i  

. ,  

'registers i n   a n t i c i p a t i o n  of r e a d o u t .   S i m t l a r l y ,  we p r e f e r   t h e '   2 7 - b i t  

block t o  come t o  us a s  a 1 2 - b i t  g a r e  word plus a 1 2 - b i t   g a t e  word p l u s  

addresses and  the many rates i n t o  a synchronized  sequence of 1 2 - b i t  

6 .  
respect i v e l y  . z* 

i 

. .  . .  . . . . .  , 
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words,  1 d i g i t a l  subcorn and   one   b i - l eve l   i nd ica to r .  

K. \*!cir,ht i l n a l y s i s :  

, 

Our ass  ignment of 4 . 3  pounds s ' t i l l  a p p e a r s   t o  b e  a d e q u a t e ,  b u t  with  

some u n c e r t a i n t y   i n   v i e w  o f  t h e  many unknowns of  the  mechanical   mount-  

i ng   s chemes .   Add i t iona l ly ,   a s   po in t ed  O I J ~  i n   o u r   o r i g i n a l  p r o p o s a l ,  

o u r  d e v e l o p e d ,   p r o v e n .   c i r c u i t r y  uses man] p a r t s   w h i c h   a r e   n o t  on t h e  

P i o n e e r   P a r t s  L i s t ,  and   changes   in  many s f   t h e s e   p a r t s  will s i g n i f i c a n t l y  

a f f ec t   t he   wc ighL .   Hos t   o f   t he   da t a  s y s t e n  is  t o   b e  b u i l r  u s i n g  NSI / I>SI  

MOS. Most of t h e   l i n e a r  c i r c u i t r y  w i l l  be b u i l t   u s i n g  thic!c f i l m  

s u b s t r a t e s  I Efficient; packaging ~ 3 f  thcss t h i c k  f i l m  .<  c i r cu i t s  r o q u i r a s  

t he   u se   o f  low p r o f i l e ,   d u a l   t r a n s i s t o r s   i n  TO-89 ceramic  packages,  ' 

f o r   i n s t a n c e .  A v e r y   d e t a i l e d   p a r t s  l i s t ,  .. p a r t s   q u a l i f i c a t i o n   a n d  

w e i g h t   a n a l y s i s  is  i n   p r e p a r a t i o n .  I 

L. Power Ecquirenen t s :  

. .  

Based  on a 28 v o l t ,  1% power s o u r c e  ;o d r i v e   t h e   c o n v e r t e , r s  w e  

c a l c u l a t e   t h e   r e q u i r e d  power f rom  tha t  28 v o l t   b u s   a s  2 .2  watts.  

M; P ro j ec t   Eng inee r :  
_. 

.. As d e f i n e d   i n  Document P-200  of  the Ames Resea rch   Cen te r ,   t he  

P r o j e c t   E n g i n e e r   f o r   t h i s   e x p e r i m e n t  is Donald S t i l w e l l ,  Code 611, 

Goddard  Space  Fl ight   Center .  

N. Qual i ty   Enn incc r :  

d. 

.. .. 
* . I  

Mr. Harry 'Doyle,  Code 312,   Qual i ty   Engineer ing  Branch,  GSFC, has 

been a s s i g n e d   t e m p o r a r i l y   t o   o v e r s e e   t h e   q u a l i t y   e n g i n e e r i n g   a s p e c t s  

of the   exper iment .  The work of he and h i s   a s s o c i a t e s   t o  da t e  h a s  
9 .  

y ,  . .  

. '  

e 

. . )  
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8 ,  
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to this cxpcrimcne will have to await  c e n t c r  rhanpowcr reviews which 

should be complete in e a r l y  August, 1969,. If Code 312 is not ablc 

to s u p p l y  t he  engineer ,  t h e n  we w i l l  con';rac.t :or thc  suppor t ,  

, .  

. .  .' 
' !  
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V. D.Kl'.A POLICY : 

I n  S e c t i o n  I u n d c r  "Correlat ive.  S t u d i e s "  we i n d i c a t e d  t h e  impor- \ 
tnnce  o f  knowLng t h c  mnenctic ficld n a Z i 1 i t u d c  2nd direction. In 

addition the  so la r  piasma density and v c i o c i t y  wouid Le important. Tn:c 

would propose making F o r t i o n s   o f  c)ur d a t a  a v a i l a b l e  on a ' s h o r t  tiac 

. .. 
. . . . . . . . - . - . 

? 

. I. 

c , .a 



' I  
VI. E f f e c t s  of XTG k. 

1 

+ i. 
' on  P ioneers  F &G.  To, de t e rmine   whc thc r   r ad ia t ion  from t h e  RTG would f' 

! 

f: We unclesstand t h a t  t h e r e  i s  a d e f i n i t e   p o s s i b i l i t y   , t h a t  a rndio- 

i s o t o p e  power s u p p l y  (RTG) will be uscd 3 s  t h c   s p a c e c r a f t  pok;cr s o u r c e  , . '. , i- 

impair the o p e r a t i o n  of o u r   d e t e c t o r s  we exposed some s a m p l e   d c t c c t o r s  1 . {  

. t .  

i 
i 

s imilar t o  t hose  we w i i i  u s e   i n   f l i g h t   t o   t h e . r a d i a t i o n  f r o x  ;r SSXP-27 I 

* 

g e n e r a t o r  a t  TSW Systems.  Thc  devices  used were a 25 mn2 area., 50 ; 

i . .  t m i c r o n   t h i c k   s i l i c o n   s u r f a c e   b a r r i e r   d c t e c t o r  and a . 5 0 0  m2 area,  3 m 

t h i c k   l i t h i u m  d r i f t  d e t e c t o r .   P u l s e  hgzight spec t r a   were   t a? ren  a t  

va r ious   d i s t ances   f rom  the  RTG. I n t e g r a l   c o u n t   r a t e   f o r   t h e s e   d e v i c c s  

at  a d i s t a n c e   o f  10 f t .   ( t h e   m o s t   p r o b a b l e   d i s t a n c e   i n   t h e   s p a c e c r a z r )  
. . , *  

- E 

are shovm i n   F i g s .  V I - 1  G VI-2. The  e . ,?fects  we expect   on  each of o x  . i  1 

I 

d c t c c t o r s  arc outlined as f o l l o w s :  
i i 

no effcct :  w i l l .  b c  sccn i n  t h c  co inc idcnce  mode of: dpera t ion :  . .  , . . .  1 . 

1. RET: The data  i n   F i g .  VI-I from t h e   l i t h i u n   d r i , f t   d e v i c e  

. .. . .'* 
.. I .  

. -  

. .  
I I '  . .  ~ . . is. r e l e v a n t   f o r   t h e  HZT. Fron. t h i s   d a t a  we .expect t h a t  ; [ .. . . .  .. 

-- I 

o f   t h e   t c l e s c o p e  (50-500 Mevjnucleon).  The  background. . 4 

. i n t e n s i t y  from t h e  RTG i s  rnuch too   smal l   to   p roduce   any  5 

I. 

I ! 
. .  

a c c i d e n t a l   c o i n c i d e n c e s .  We e x p e c t ,   . h o w e v e r ,   t h a t   s i n g l e  

r a t e s   i n  a l l  e l emen t s   o f   t he   t e l e scope  w i l l  b e   a f f e c t e d .  

.. '. .. Our  l o w e s t   t h r e s h o l d   i n   t h e s e   d e v i c e s   > t i l l   b e  - 100 kev.  . . . : '' -. k, f. .-. 

From F ig .  V I - 1  t h e   c o u n t   r a t e   a b o v e   t h i s   t h r e s h o l d   f r o m  

b 

. .  

.. L 

, .  . .  

the RTG w i l l  b e  - 60 c t s / s ec . ,  A f a c t o r   o f   f o u r   r e d u c t i o n  

i n  t h i s   i n t e n s i t y  may be  p o s s i b l e  b y   p r o p e r   o r i e n t a t i o n  



. .  
, 

. I .  

I 

I 

. '  9 

I 

c 

2. 

. *  

"3 . ,.  

0: ii:c zyc gtvt:';, :< r r . 2~  - 15 z t s / s p . c s  ();IC of  ~!-,p 

fiiYiC L<o;-,s oj: t;. - 

~ > ~ l ~ l \ > ~ i i ~ ~ ~ 1 ~ c ,  T ~ I C  ~ , ~ : C X C ~ ; C : C ;  dc~cc;o ;*  :I;:c:;gro~~tid f ron  

. -  
h <  siy,; IC .-.- i d L C 5  Is 2 m ; - , L t c J ; -  of c : c t c c c o r  

tht. RTG w i l l  p r o b a b l y   e l i m i n a t e   t h i s  as a useful 

f u n c t i o n .  I n  a d d i t i o n  t he  s c ~ ~ i t i v i ~ y  of this r a t c s  

t o  small solar events w i l , l  bc  reduced.  

. .  
. '  

-Q^ LE:-I: The e f f c c t s  of t h e  Xl'G oa t h e  LET-I will i n  

ge : le ra l  be simiiar t o  those  on t.he HZT. The  coincidence 

moJe (3-20 i*Icv/sec) will no t  b e   a f f e c t e d ,   b u t  t;le u s e f u l l n e s s  

of t h e   s i n g l e s   r a t e s  will be s 5 g n i f i c a n t l y   r e d u c e d .  

.*  

-__^ LET:II: The da t a  in.   Fig.  11-2 ( c o r r e c t e d   f o r   d i f f c r e n c e s  

i n  d c c e c t o r  area and t h i c k n e s s  ;:;IC? ,RTG o r i e n t a t i o n )   p r e d i c t  

1 ct/scc f o r  a 50 kev .SI d e t e c t o r   t h r e s h o l d , .   T h e   d c t e c t o r  

s e n s i t i v i t y   t o   p r o t o n s   i n   t h e  .05 - 3 Nkv in te r 'va ' l  (SI S 2  Ss) 

will then  be  reduced.  The most ser ious   p roblem  occurs  fo r  

e l z c t r o n  ncasurcmcnts i n  t h c  S 2  dceccgor ,  IITG background 

w i l l  p robably  be o f   t he   o rde r  of 5 . c t s / s e c .   T h i s  will' 

c e r t a i n l y   e l i m i n a t e   t h e   p o s s i b i l i t y  of g a l a c t i c   e l e c t r o n  

measurements i n   t h e  .15 - 1 >lev i n t e r v a l   a n d  a l s o  r educe  

e- - 
. . I - .  . . . .  

. . .  

' the s e n s i t i v i t y  t o  s o l a r   e l e c t r o n s .  
.# 

.. 
I "  

In s u m a r y ,  we e x p e c t   n o   d i f f i c u l t i e s   w i t h   p r o t o n s   a n d   h e a v i e r  

p a r t i c l e   t k a s u r e m e n t s  i n  t h e  3-500 Xev /nuc leon   i n t , e rva l .   I n   t he  50 

kev t o  3 MeV r e g i o n   d c t c c t o r   s e n s i t i v i t y ' t o   b o t h   . p r o t o n s   a n d   e l e c t r o n s  

w i l l  be   s e r ious ly 'keduccd .  We would   e s t ima ie   t ha t  t h e  t o t a l   u s e f u l -  

n e s s  of ' the  expcrime'nt  would  be  reduc'ed by about  25%. For t h i s  

. -  . 
' / .  

. .  

I-" .- . 



ing. Thcrc arc a l a r g e  number of unknowns, e.g. o r i e n t a t i o n  of t h e  

. RTG, p o s i t i o n i n g  of our e x p e r i m e n t   i n  che s p a c e c r a f t ,   o s i c n t a t i o n  of ! 

t k our e x p c r i n c n t   w i t h  respcc t  t o  t h e  XTG,  and s p e c t r i l   c h a n g e s  due t o  
[ 

passage  through shlclarng. We n o t e   t h a t  a wcight cs t imhte   o f  1.38 I b '  

of lead fo r   sh i e ld ing   ou r   expe r imen t   has  been m.de  by TIW. This 

e s t i m a t e   a p a r c n t l y  was o n l y   s u f f i c i e n t  for s h i e l d i n g  the LET-II  

. . T ' .  

wi.th  no  all2wance m a d e  f o r   t h e  LET-I and FXT. Even with  tile  more 

comprehens ive   t e s t  data  ob ta ined  by us  we f e e l  t h a t  'it i s  s t i l l  

, .  ; 

\ 

t 
D 
E 
i- 

imposs ib le  t o  make an   accu ra t e   sh i e ld ing   we igh t   e s t ima te .  These 
. *  

ques t ions   cnn   p robab ly  only  be  resoived  wi . th  a much more e l a b o r a t e  

t e s t i n g   p r o g r a m   i n c l u d i n g  a more accu ra t e   s imu la , r ion  of t h e  ex- 
! 

perimental   environment  i n  t h e   s p a c e c r a f t .  I - .  ! 

-. '. -. 

c 

.. ' L 

. + *  
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